Forest structure and regeneration dynamics of podocarp/hardwood forest fragments, Banks Peninsula, New Zealand: A thesis submitted in partial fulfilment of the requirements for the Degree of Master of Applied Science at Lincoln University by Willems Nancy
FOREST STRUCTURE AND REGENERATION DYNAMICS OF
PODOCARP/HARDWOOD FOREST FRAGMENTS, BANKS PENINSULA,
NEW ZEALAND
Athesis
submitted in partial fulfilment
of the requirements for the Degree of
Master of Applied Science
at
Lincoln University
by
Nancy Willems
Lincoln University
1999
11
Abstract of a thesis submitted in partial fulfilment of the
requirements for the Degree of M.AppI.Sc.
FOREST STRUCTURE AND REGENERATION DYNAMICS OF
PODOCARP/HARDWOOD FOREST FRAGMENTS, BANKS PENINSULA,
NEW ZEALAND.
by Nancy Willems
Although species maintenance in small forest fragments relies on successful regeneration and
recruitment, few studies have examined the effects of fragmentation on regeneration processes.
New Zealand's podocarp species rely on large disturbance openings operating across a
vegetated landscape to stimulate regeneration. Clearance of vegetation that results in small
fragments of forest removes regeneration opportunities for podocarps by destroying the intact
vegetation mosaic, and as a result may exclude disturbances of the scale necessary for
podocarp regeneration. Fragmentation alters the disturbance regime of the landscape, with
important implications for the regeneration of podocarps on Banks Peninsula.
The four remaining lowland podocarp-hardwood fragments on Banks Peninsula were sampled to
determine the structure and regeneration patterns of podocarps and to assess their long term
viability. Density, basal area, and size and age class distributions were used to examine current
composition, and in conjunction with spatial analysis, to identify past regeneration patterns and
infer likely future changes in composition and population structure.
Podocarp size and age class structures for three of the four fragments were characteristically
even-sized and relatively even-aged (eg; Prumnopitys taxifolia c. 350 to 600 years), with little or
no regeneration for approximately the last 200 years (old-growth fragments). Regeneration of
the current podocarp canopy in the old-growth fragments may have been stimulated by flooding.
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The fourth younger fragment showed much more recent regeneration with Prumnopitys taxifolia,
Podocarpus totara and Dacrycarpus dacrydioides mostly 80-160 years old, and substantial
populations of seedlings and saplings, probably as a result of anthropogenic fire.
In the absence of major disturbance the podocarp component in forest fragments on Banks
Peninsula is likely to decline with composition shifting towards dominance by hardwood species.
There is some evidence to suggest that canopy collapse will stimulate some podocarp
regeneration within the fragments, however it appears to be unlikely that podocarps will persist
on Banks Peninsula indefinitely within the fragments studied.
There is an urgent need for more quantitative research in New Zealand fragmentation literature,
and a need for more emphasis on processes. Banks Peninsula offers potential for a more
landscape scale approach in forest management, and the maintenance of regenerating scrub in
pockets about the Peninsula may offer the regeneration opportunities for podocarps that are
lacking within protected fragments.
My study took a quantitative approach in examining the effects of forest fragmentation on the
demographics of podocarps and compositional change in forest fragments on Banks Peninsula.
Keywords: Composition, Dacrycarpus dacrydioides, disturbance, forest structure, fragments, hardwood,
podocarp, Podocarpus fofara, Prumnopitys faxifolia, regeneration.
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Chapter 1: Introduction
Maintenance of species in small forest fragments relies on the successful regeneration and
recruitment of the plant species within them. Fragments of forest throughout New Zealand have
been reserveed for their conservation value as representative examples of forest types that once
occupied the regional landscape. They have generally been reserveed on the basis of species
assemblages, or the conservation of a specific plant or animal species, but whether these forest
fragments can maintain the species within them and, therefore, fulfil the purpose of preservation,
has seldom been questioned.
Studies in New Zealand forest fragments are few, and so far have served mainly to describe
forest composition and structure (see for example: Esler, 1962; Boase, 1985; Clarkson and
Clarkson, 1991; Smale, 1984), or to identify species extinctions (eg: Boase, 1984). A few
studies have investigated some of the effects of fragmentation including changes in the
microclimate of edges (Young and Mitchell, 1994), and weeds in fragments (Kelly and Skipworth,
1984; Timmins and Williams, 1987 and 1991), and suggest how these factors may cause
changes in vegetation composition and structure. The only study in New Zealand that addresses
the effects of fragmentation on regeneration and recruitment is Whaley et al. 's (1997) paper in
Claudelands Bush near Hamilton. International studies also have a tendency to focus on
vegetation structure and composition as a function of distance from edges but fail to examine the
effects of fragmentation on species demography.
Rather than providing another description of forest composition and structure, this study aims to
emphasise demographic processes in forest fragments, adding to the Claudelands Bush study,
and increasing understanding of how processes may be affected by forest fragmentation. This
chapter outlines the background and significance of the study in terms of the regeneration
dynamics of three of New Zealand's main podocarp canopy species (Podocarpus totaral - totara,
1 Nomenclature follows Allan (1961), except for Podocarpaceae which follow Edgar and Connor (1983).
2Prumnopitys taxifolia - matai, Oacrycarpus dacrydioides - kahikatea), with particular reference to
forest fragments on Banks Peninsula, South Island, New Zealand.
1.1 Podocarp Regeneration
The apparent lack of podocarp regeneration in New Zealand forests was a recurring topic of
debate in early New Zealand forest ecology literature (Ogden, 1985). Early researchers such as
Cockayne (1958), Holloway (1954) and Robbins (1962) were strongly influenced by the linear
succession model put forward by Clements (1916). This defined succession as vegetation going
through changes in a series of stages until a self-maintaining 'climax' is reached (Figure 1.1).
This climax community was a stable vegetation type in equilibrium with the current climate
(Glenn-Lewin et al., 1992).
( catastrophic destruction <C~(~
1 • 2 • 3- ~ n self-maintaining climax
~
Figure 1.1: The Clementsian model of succession and climax (Clements, 1916).
Implicit in the concept of a self-maintaining climax community is self-replacement within a stand,
so that populations would have an all-aged structure indicating continuous regeneration (Veblen
and Stewart, 1980). Forest ecologists entering New Zealand's podocarp forests found that such
stands lacked this all-aged structure, and in many cases showed a paucity of seedlings, saplings
and young trees, and an explanation for this was sought (Veblen and Stewart, 1980).
Early forest ecologists referred to the lack of seedlings, saplings and young trees in podocarp
forests as the 'regeneration gap' (Ogden, 1985), and many thought, in accordance with the
Clementsian succession model, that podocarp dominated forests were successional communities
3and would eventually be replaced by a stable climax community of mixed hardwood2 forest
(Cockayne, 1958; Robbins, 1962)
Holloway (1946) was perhaps the first to attribute the absence of podocarp regeneration to
unfavourable climatic conditions. This theory was supported by others (eg; Nicholls, 1956;
Robbins, 1962; Wardle, 1963) who described forest patterns they thought supported Holloway's
theory. Disturbances, at that time, were not considered to be a part of the 'normal' course of
events (Ogden, 1985), although Robbins (1962) noted that podocarps were most abundant in the
'young' forest, and suggested that the Taupo eruption created "a clearing in the forest which
allowed rejuvenation of the gymnosperm forest". Where abundant podocarp regeneration such
as this was found it was generally dismissed on the grounds that these forests were merely
'successional' (Ogden, 1985).
An alternative view to the linear succession models involved cycles of events where podocarps
and hardwood species alternated on the same site over a long period of time. Poole (1937)
describes a cycle of alternating hardwood/podocarp dominance in a Oacrydium
cupressinumlWeinmannia racemosa/Quintinia forest in south Westland. Holloway (1946)
described a similar cycle for Oacrydium cupressinumlMetrosideroslWeinmannia forest in
Southland, where podocarps are temporarily absent from parts of the forest, but eventually re-
establish in other patches rather than becoming extinct. He termed this "the life-cycle of the
association complex", and suggested that parts of the forest were at different stages in the life-
cycle, hence the dominance of podocarps or hardwoods in patches across the landscape.
In 1955, Cameron suggested a generalised cyclic and mosaic model which followed similar
concepts. In the model, podocarps on a single site alternated with hardwood associates, creating a
mosaic of vegetation at varying stages in the cycle. Left undisturbed, each section of the mosaic
would progress through this cycle of alternating podocarp and hardwood dominance over a period of
several thousand years (Figure 1.2). Disturbance at any point would take the cycle back to the stage
2 This term refers to the non-beech (Nothofagus spp) hardwood species in New Zealand's forests. It is used
interchangeably with the term 'broadleaved' in the literature.
4of podocarp sapling recruitment. However, stochastic events were not yet considered an integral
part of the vegetation process.
Dense, mature podocarps
~ Hardwood sub-canopy.~
Collapsing hardwood canopy. Senescent podocarps
Podocarp sapling recruitment.. Mature, closed hardwood
~ ~Hardwood dominance.
Few "over mature" podocarps.
Figure 1.2: Cyclic regeneration (Adapted from Cameron, 1955).
Since this early research the study of vegetation dynamics has undergone a paradigm shift. The
linear succession model has been superseded by the concept of vegetation change occurring as
the result of populations interacting within fluctuating environmental conditions. Vegetation
change is seen as 'dynamic' or 'kinetic', with no assumption of long term site stability or of a
stable end point (Veblen and Stewart, 1982; Burrows, 1990). This has led to significant
developments in ecological theory and studies of vegetation dynamics in New Zealand. The
steady state climax theory has been rejected as a concept which is not applicable to the
dynamics of New Zealand's podocarp canopy tree species, as it does not incorporate the
prevalence of past stochastic disturbances in New Zealand's forests (Ogden, 1985). The theory
is, therefore, unable to accept or predict regeneration gaps for podocarps localised in space and
time, which lead to the development of a mosaic vegetation pattern across an intact forested
landscape (Ogden, 1985). Current models of vegetation dynamics in mixed podocarp-hardwood
forests in New Zealand incorporate disturbance as an integral factor which is vital for the long-
term maintenance of podocarps (Ogden and Stewart, 1995).
51.2 The role of disturbance
Disturbances, on both large and small scales, provide opportunities for the regeneration of forest
species by opening gaps in the canopy, creating new recruitment sites and providing new
substrates for seedling establishment. Tree species exhibit different modes of regeneration, and
vegetation patterns are often a reflection of these. Three modes of regeneration have been
recognised (Veblen and Stewart, 1980; Veblen, 1992; Ogden and Stewart, 1995):
1. Catastrophic regeneration occurs following large scale disturbances (>1000 m2)
such as mass windthrow, landslide, glaciation, vulcanism and flood. Extensive even-
aged stands develop as a result.
2. Gap-phase regeneration occurs on a scale <1000 m2, and results from small to
intermediate sized disturbances such as single or small-group tree falls, resulting in
small even-aged patches.
3. Continuous regeneration refers to the continual replacement of older trees beneath
a closed canopy. Species regenerating continuously are generally shade-tolerant
and have an all-aged population structure with many young trees and progressively
fewer trees in larger size/age-classes.
New Zealand's podocarp species are known to regenerate sporadically in large disturbance
openings (catastrophic regeneration). Dense podocarp stands have been found on young soils
resulting from the Taupo eruption (Robbins, 1962). Dense podocarp seedlings, saplings and
small trees were noted in fire induced scrub in Pureora Forest in the central North Island
(Beveridge, 1973). Flood initiated stands were identified by McSweeney (1982) at several
locations in Westland, and Duncan (1993) identified flood initiated cohorts of different species on
a river flood plain in Ohinemaka Forest, South Westland. Glacial moraine deposits in the
Saltwater Ecological Area support mixed podocarp stands, varying in age according to the
different landforms and disturbance frequencies (Rogers, 1995). Progressive canopy collapse
has also been suggested as causing a pulse in podocarp regeneration in several podocarp
species (Prumnopitys taxifolia, Prumnopitys ferruginea, Dacrydium cupressinum, Dacrycarpus
6dacrydioides) in Tongariro National Park (Lusk and Ogden, 1992), and in south Westland
(Oacrycarpus dacrydioides, Prumnopitys ferruginea) (Stewart et a/., 1998).
Patterns of disturbance in time and space influence which species can coexist across the
landscape (Denslow, 1985), because species may exhibit different regeneration patterns
according to the scale and intensity of natural disturbances (Veblen and Stewart, 1980).
Disturbance maintains species diversity because it is the source of much of the environmental
variation to which species respond differently. New Zealand's podocarp species (Prumnopitys,
Oacrycarpus, Oacrydium, Podocarpus) often occur with various suites of hardwood species
according to geographic location, and Ogden and Stewart (1995) argue that mixed forests
containing both podocarps and hardwoods can be considered a two-component system.
Podocarps and hardwoods in these forests occupy different strata, and regeneration occurs in
response to canopy disturbances of different spatial and temporal scales, therefore allowing the
two types of trees to coexist (Ogden and Stewart, 1995).
Most of the podocarps such as Oacrycarpus dacrydioides, Prumnopitys taxifolia, Podocarpus
totara and Oacrydium cupressinum are generally emergent and canopy trees (see for eg:
Veblen and Stewart, 1980; Smale, 1984; Duncan 1991; Rogers, 1995; Ogden and Stewart,
1995), while Prumnopitys ferruginea is often shorter in stature and may also be found in the sub-
canopy (Rogers, 1995). The podocarps are considered light demanding and primarily
regenerate in response to infrequent catastrophic disturbances (Ogden and Stewart, 1995).
Slow growth rates and great longevity (over 1000 years for some species (Lusk and Ogden,
1992)) allow podocarps to persist for long periods of time without significant recruitment.
While some hardwood species such as Beilschmiedia tawa (Smale, 1984; Whaley et a/., 1997),
Weinmannia racemosa (Veblen and Stewart, 1980; Norton, 1991; Duncan, 1991; Lusk and
Ogden, 1992; Duncan, 1993), and Alectryon excelsus (Wilson, 1992) may reach the subcanopy,
most are confined to the understorey. Hardwoods are largely shade-tolerant and regeneration
modes are generally continuous and/or gap-phase. Hardwoods have a shorter average life-
span, a shorter reproductive cycle, and higher average growth rates than the podocarps (Ogden
7and Stewart, 1995). All these attributes make them more suited to capturing small gaps in the
forest canopy (Whaley et al., 1997), which form more often than large disturbance openings.
In Tongariro National Park, Lusk and Ogden (1992) found patterns of podocarp and hardwood
regeneration that illustrated differences in regeneration modes. Age structures of the three
podocarp species present in the park (Dacrydium cupressinum, Prumnopitys ferruginea,
Prumnopitys taxifolia) showed synchronous recruitment, probably in response to the same event
or process. The age distributions showed a single cohort for each of the three species with little
or no recent regeneration. In contrast, all the hardwood species showed prolific regeneration
and age-class distributions approached the reverse-J shaped curve characteristic of shade-
tolerant or gap-phase species regenerating continuously under a closed canopy (Whaley et al.,
1997). Duncan's (1993) study also demonstrated the response of podocarps and hardwoods to
disturbances of different scales. While Dacrycarpus dacrydioides recruitment was initiated by a
single catastrophic disturbance event, the main hardwood associate, Weinmannia racemosa,
was found mostly in small treefall gaps, indicating its ability to colonise small disturbance
openings in agap-phase mode.
It appears to be the combination of coarse scale disturbance providing for podocarp
regeneration, and small scale disturbance breaking the uniform canopy and allowing
regeneration of shade-tolerant species which allows the coexistence of hardwood and podocarp
species. With a continued lack of large scale disturbance, forest composition would shift to
species able to colonise small gaps - the hardwoods - because single or small-group tree falls
would be the dominant gap-forming process (Duncan, 1993). However, because podocarps can
persist in the canopy for over 600 years in some cases, it is highly likely that a major disturbance
will occur during the lifetime of a stand, allowing localised regeneration of podocarps somewhere
in the landscape (Ogden, 1985). This maintains podocarp species abundances on a landscape
scale, although in aparticular patch, processes may be leading to dominance by hardwoods.
81.3 Fragmentation
Fragmentation is the process by which large intact areas are divided into several smaller intact
units, disrupting the continuity of vegetation (Lord and Norton, 1990). Each forest fragment
represents a small portion of one section of the original vegetation mosaic. The process of
fragmentation has profound and often irreversible effects on vegetation processes (Saunders et
al., 1987) by changing ecosystem characteristics such as water and nutrient cycles, wind
regimes, radiation balance, and other microclimate characteristics (eg; Brothers and Spingarn,
1992; Hobbs, 1993; Matlack, 1994; Young and Mitchell, 1994), as well as the disturbance regime
of the forest. Often the effects of these changes also cause structural fragmentation, where
species are lost from part of the vertical structure of the forest, causing further habitat and
ecosystem modification (Lord and Norton, 1990).
Attributes of fragments in the landscape which affect their functioning include isolation, size,
shape, aggregation and boundary characteristics (Lord and Norton, 1990), all of which influence
possible interactions between fragments, and interactions with the surrounding matrix. As
fragments decrease in size, the effects of the surrounding matrix exert an increasing influence on
the forest fragment and its processes (Janzen, 1983; Forman and Godron, 1986).
Reduction in the area of forest associated with fragmentation also reduces the microhabitat
diversity that is needed for population stability and persistence (Wilcox and Murphy, 1985),
because the full range of resource diversity and availability contained within an intact ecosystem
are lacking (Wilcove, 1987). Therefore, the full range of establishment sites for one or more
podocarp species may not be available within a single fragment or even in several fragments
scattered in the fragmented landscape. This may also be due to clearance of forest on selected
sites and soil types. For example, Dacrycarpus dacrydioides is known to favour recent alluvial
soils for establishment (Smale, 1984; Wardle, 1991; Duncan, 1993), and Dacrycarpus
dacrydioides, Prumnopitys taxifolia and Podocarpus totara enter primary successions on alluvial
flats, with Dacrycarpus dacrydioides most abundant on the wettest soils and Podocarpus totara
on the driest (Wardle, 1991). Single fragments or clusters of fragments may not encompass the
full range of gradients of soil moisture, fertility and texture required for all three species to
9establish and regenerate successfully, so that one or more species would be eliminated from
parts of the landscape due to a lack of establishment sites.
Interactions between forest fragments may ameliorate some of the effects of reduced micro-
habitat range and local extinction, enabling persistence of species somewhere in the network
(Wilcove, 1987). However, this depends on the vagility of the species contained within the
fragments, and the availability and mobility of vectors for seed dispersal, such as frugivorous
birds in New Zealand forests.
Species of plants and animals contained within a small habitat patch may be prone to extinction
through the destruction of an entire demographic unit (Wilcox and Murphy, 1985), and for many
species, survival at a regional level depends on the recolonisation of areas where that species
has become locally extinct (Fahrig and Mirriam, 1994). Recolonisation of a patch depends on
the availability of reproducing individuals, as well as their ability to disperse across the landscape
(Fahrig and Mirriam, 1994). In an intact vegetated landscape, the elimination of asingle stand of
podocarps was not significant in that other stands remained elsewhere on the landscape. These
also provided a seed source for recolonising the area of local extinction. In a fragmented
landscape the stand which is eliminated may be the last podocarp stand left in that landscape, or
the stand may be too isolated from other fragments of lowland podocarp forest to be recolonised
by the podocarp species which have become locally extinct.
Fragmentation exposes a forest stand to the conditions that prevail in the surrounding matrix
and, as a result, to edge effects (Murcia, 1995). A forest environment is cooler than surrounding
crops and pasture, with lower light levels and more stable temperatures (Young and Mitchell,
1994; Murcia, 1995). Distinct forest edge microclimates develop as a result of the juxtaposition
of two different ecosystems and in a New Zealand podocarp-broadleaf forest were found to
penetrate up to 50 metres into the forest fragment (Young and Mitchell, 1994). The microclimate
at a forest edge is warmer and drier than the forest interior, with higher light levels (Young and
Mitchell, 1994; Matlack, 1994), and may be subject to more frequent disturbances (Laurance,
1997).
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Plate 1: The background of this photograph of a cabbage tree (Cordyline australis) demonstrates the
degree of forest fragmentation on the Banks Peninsula landscape, and the dominance of agricultural land
which surrounds fragments of forest. The fragment on the valley floor (arrowed) is Kaituna Valley
Reserve.
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Altered microclimates result in a corresponding change in species composition in forest edge
areas as species respond to the changed climate (Matlack, 1994; Young and Mitchell, 1994), and
Young and Mitchell (1994) found that both density and basal area were higher at the forest edge
than the interior, with some species occurring only at the edge. Other trees were found only in
the interior, suggesting that they were not capable of growth and reproduction in the more
variable and competitive edge areas. Elevated mortality and damage of trees in edge areas were
found in recently fragmented forests in central Amazonia (Ferreira and Laurance, 1997;
Laurance et al., 1998a), as well as elevated recruitment rates (Laurance et al., 1998a; 1998b). It
was also found that elevated turnover favoured species of the successional families selected for
the study, with a decline in recruitment of the selected old-growth families, both in edge areas
and in the fragment interior. This led to floristic changes in Amazonian forest fragments
(Laurance et al., 1998b). Studies have indicated that some small forest fragments, particularly
those that have been affected by structural fragmentation, may consist entirely of edge habitat,
precluding the survival and recruitment of forest interior species (Kapos, 1989; Laurance and
Yensen, 1991; Young and Mitchell, 1994).
Plants and animals in the human-dominated landscape surrounding fragments of forest on Banks
Peninsula often threaten the species within the fragments through predation, browsing or
competition (Wilcove, 1987). Browsing mammals such as sheep, cattle, goats, possums and
deer inhibit seedling and sapling growth in New Zealand's native forests, and tend to affect
selected palatable plant species such as Fuchsia excorticata, Myrsine australis, Schefflera
digitata, and Pseudopanax crassifolius (Boase, 1984). Other species may attain artificial
dominance because they are toxic or unpalatable. The understorey of a forest can be severely
depleted by browsing mammals (Veblen and Stewart, 1980; Boase, 1984; Smale, 1998), and
trampling of the forest floor eliminates seedlings, saplings, ferns and other herbaceous species if
they have not already been destroyed by browsing. Browsers also affect the soil structure by
trampling and consolidating the forest floor, and defecation alters the nutrient balance of forest
systems through nutrient transfer from outside the fragment (Hobbs, 1993; Hobbs et al., 1993).
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Bird and animal species utilising the surrounding agricultural matrix are potential vehicles for
seed rain from invaders (Janzen, 1983), and fragmentation opens edges of fragments to invasion
from exotic weed species which may smother seedlings and saplings of native species or
exclude them with dense growth. Tradescantia f1uminensis, for example, grows as a thick, dense
mat on the forest floor and native species can not germinate and penetrate this mat (Esler,
1962). Vinca major and Clematis vitalba are also common problems around Banks Peninsula
fragments, and smother trees and shrubs. Weeds are capable of establishing in very small gaps
and disturbance patches. In Whewell's Bush Nature Reserve, exotic weed species were found
mostly in the light wells beneath canopy gaps and in edge areas (Boase, 1984). Because small
fragments favour these small disturbance openings, weeds are establishing in gaps that natives
can not capture in competition with them (Timmins and Williams, 1991). Slow-growing podocarp
seedlings and saplings are particularly vulnerable to being overwhelmed by faster growing
species.
Exotic bird species that utilise non-native vegetation, feeding on exotic fruit-bearing trees and
shrubs also bring seed rain further into fragment interiors as they enter the forest to feed on
native fruits and berries.
As well as competing for limited food resources, native bird species are threatened by introduced
mammalian predators such as rats, cats, possums and mustelids. Extinctions of nectar and fruit-
eating birds may have far-reaching effects. In particular, frugivorous bird species are vital for the
dispersal of fruit-bearing tree species, including the podocarps, and the disruption of this
mutualistic relationship could severely limit the regeneration of podocarps on Banks Peninsula
(Burrows, 1994).
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Plate 2: Weeds around the edges of Kaituna Valley Reserve. A dense mat of morning glory covers the
foreground, while Clematis vitalba smothers a native tree in the background.
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1.4 Altered Disturbance Regimes
Fragmentation and use of the surrounding lands have dramatically altered the disturbance
regime on Banks Peninsula. Human disturbances which favour the removal of some species
over others can result in dramatic changes in forest composition and structure. On Banks
Peninsula during the process of fragmentation, selective clearance of forest on prime soils, such
as those found in lowland river valleys, has favoured some vegetation types over others. For
example, the few remaining valley floor podocarp stands are all very small, while on steeper and
less accessible hillsides significantly larger tracts of intact forest remain, such as the 270 ha Mt
Herbert Reserve. Also, selective logging in some forest fragments may have favoured some
species. For example, in Hay Reserve primarily Podocarpus totara and Dacrycarpus
dacrydioides were logged following its formal protection by the Hay family, and the current
dominance of Prumnopitys taxifolia may be aproduct of this.
Human influences in the forests of the Allegheny Plateau of north-west Pennsylvania, North
America, have caused major changes in forest species composition by disrupting the natural
disturbance regime in the area (Runkle, 1985). The resultant effects have been both direct and
indirect. Logging and fire have virtually eliminated Pinus strobus from the forest. Tsuga
canadensis has also become less important than in primeval forests due to logging for bark. The
removal of most of the large stems within the forest has decreased the rate of gap formation.
Abundant growth following cutting within the forest has resulted in higher deer numbers, as the
regrowth of seedlings and saplings has increased the available browse material for deer.
Increased browsing impedes seedling and sapling growth following human and natural
disturbances, favouring Fagus species over Tsuga canadensis and other hardwoods (Runkle,
1985).
The presence of Dacrycarpus dacrydioides and alluvial soils on valley floors suggests that
flooding was an important disturbance factor in the past. However, in the river valleys on Banks
Peninsula today, the standing forests which would previously have acted as a sponge for water,
absorbing it and releasing it slowly (Hills, 1985), have been cleared and this has probably
increased run-off, causing more intense flooding (Hobbs, 1993). Rivers are now channelled and
controlled to prevent flooding across farm land. However, at Kaituna Valley Reserve there is
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evidence of the river breaking its banks during severe flooding. Unlike pre-human flood events,
higher volumes of water flow much faster and flooding scours the forest floor, removing woody
debris, litter and topsoil, rather than beneficially depositing the silt which Oacrycarpus
dacrydioides, in particular, favours for recruitment sites.
In some cases, such as flooding, attempts have been made to reduce the intensity of the
disturbances to satisfy human interests. However, other more intense and frequent disturbances
occur in the human-dominated landscape, which were rare or non-existent prior to human arrival
on Banks Peninsula. This has altered dynamics in many of the forest fragments. Fire may have
been a very rare event following the cessation of volcanic activity on Banks Peninsula, however
human arrival introduced fire as a more prevalent factor. Fossil records show that during
Polynesian settlement of the Peninsula, deliberate and accidental fires cleared forest in localised
areas (Wilson, 1992). Some of these fires probably initiated successional forest, such as stands
of Leptospermum scoparium and Kunzea ericoides, in these patches. However, following
European arrival, fire was frequently used to clear extensive areas of forest, and repeated
burning of regenerating scrub precluded the establishment of secondary forest. Accidental fires
are known to have destroyed thousands of hectares of intact forest on Banks Peninsula in the
1860's (Hunter, 1966). In the current fragmented landscape, controlled burns are used to clear
crop stubble and gorse, and there is a chance that these may spread out of control
unintentionally. Small fragments are highly susceptible to complete destruction, which threatens
the persistence of lowland podocarp-hardwood forest on the Banks Peninsula landscape.
Introduced mammals such as deer, sheep, cattle, goats, rabbits, and possums affect forest
dynamics through browsing and trampling within the forest. Use of forest fragments as stock
shelter in the past means that such disturbances occur at a frequency and intensity that New
Zealand's native plants are unable to cope with. Many forest fragments have been subject to
grazing for extended periods, resulting in alterations in vegetation composition. For example,
Alectryon excelsus has attained prominence in Kaituna Valley Reserve and Prices Valley
Covenant, because it is toxic to grazing stock and was able to regenerate despite the presence
of browsers within the forest. In Claudelands Bush in Hamilton, most extinctions occurred in the
ground cover and understorey plants due to browsing, resulting in a more open forest (Boase,
1985). This has also occurred in a number of fragments on Banks Peninsula.
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Gap processes ultimately affect forest species composition by favouring some species over
others at different times, and when small gaps dominate disturbance processes, shade-tolerant
species gain a competitive advantage over slow-growing species such as the podocarps
(Whitmore, 1989). Disturbance processes in small forest fragments favour the creation of small
canopy gaps. In New Zealand podocarp-hardwood forest, shade-tolerant hardwoods would be
favoured by the creation of small gaps, but podocarps regenerate following catastrophic
disturbances on a much larger scale. Single and small-group tree falls are currently the
dominant gap-forming processes in Banks Peninsula forest fragments. In the absence of larger
disturbances shade-intolerant podocarps may decline, as regeneration and recruitment into the
canopy will be hindered by the lack of suitable disturbance openings. In woodlots in Southern
Ontario, Canada, similar patterns have been found. Shade-tolerant species dominated the
woodlots, contributing more than 80% of the total stems in each plot, while shade-intolerant
species, which generally require more extensive canopy removal, were declining (Weaver and
Kellman, 1981).
If successive disturbance openings suitable for the regeneration of a particular species are
created at intervals which are greater than the life span of that species, or are greater than the
time in which the species will be excluded through competition, the species will become locally
extinct (Rogers, 1995). Small disturbances generally occur at a higher frequency than large,
catastrophic disturbances, and different species are favoured by each regime. Hence, altering
the frequency of disturbances in a forest patch through human activities leads to progressive
changes in the structure and composition of the vegetation (Bazzaz, 1983). As the disturbance
frequency changes, new ecosystems evolve which have life history attributes better suited to the
new disturbance regime (Reiners, 1983; Bazzaz, 1983). For example, in the pine barrens of New
Jersey, USA, fire frequency has changed from major fire occurring every 20 years, to around 60
years (Forman and Boerner, 1981). This has resulted in a shift in dominance from Pinus rigida,
which was adapted to the previous fire regime, to non-fire adapted species, and cedar swamps
have been replaced by hardwood swamps.
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1.5 The Combined Effects of Fragmentation and Changed Disturbance Regimes
Both fragmentation and changes to the disturbance regime of a region can separately have
dramatic effects on forest structure and dynamics. These processes may not be mutually
exclusive, and in some cases one may exacerbate the effects of the other. Breaking up a
continuous landscape mosaic can lead to alterations in the spatial scales of disturbances, as well
as their frequency and intensity (Hobbs, 1987). Also, the shifting mosaic nature of an intact
vegetated landscape is disrupted. Podocarps rely on large disturbances operating across a
landscape to stimulate regeneration. While one part of the forest mosaic may have been
dominated by hardwoods, there have in the past always been new disturbance openings being
created elsewhere, maintaining podocarps as a feature of that landscape. Fragmentation
disrupts this process by removing most of the vegetation mosaic, so that new disturbance
patches are no longer created in other parts of the landscape. In some cases new disturbance
patches may be claimed for human land uses, so that they are no longer available for podocarp
regeneration, and remaining forest fragments are too small to sustain episodes of disturbance at
the scale necessary for mass podocarp regeneration (Whaley et al., 1997). Therefore,
regeneration opportunities for podocarps are scarce, and may only exist for fragments positioned
close to one another or to asuitable nurse crop.
The Scottish uplands are thought to have consisted of a shifting mosaic pattern of heath, birch
woodland and pine forest (Hobbs and Gimingham, 1986). Birch and pine probably regenerated
after fires, and heathland was a successional stage. In the intact mosaic, although birch and
pine may senesce or be burned in one area, younger stands and patches of successional heath
would still be present elsewhere. Now, areas of individual vegetation types have been
fragmented, but only a few places are large enough to include all the community types of the
mosaic, resulting in regeneration problems in old pine woods (Hobbs and Gimingham, 1986).
Therefore, following fragmentation, only a subset of community states are contained in the
fragments, and the loss of one community patch may not be offset by the reappearance of that
community type elsewhere on the landscape (Hobbs, 1987).
Together, fragmentation and altered disturbance regimes threaten the persistence of podocarp
species on Banks Peninsula. The need to understand the effects of these on the regeneration
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processes of podocarp canopy species has become vital to the maintenance of the long term
viability of these species, and to conservation management of forest fragments throughout New
Zealand.
An examination of species composition in four fragments on Banks Peninsula was undertaken to
establish the current status of podocarps and hardwoods. Investigations were made of size and
age structures of both podocarps and hardwoods to offer some insight into the regeneration
processes currently occurring in the fragments, as well as offering information which may help in
predicting possible future replacement patterns and potential species composition. The main
goal of the study was to determine compositional changes and the long term viability of podocarp
species in forest fragments on Banks Peninsula.
The basis of the study was that: Given what we know about the regeneration dynamics of
podocarp species with regard to the large scale of disturbance that is generally required to
stimulate regeneration, what will happen to them in small forest fragments? Two working
hypotheses were proposed:
Hypotheses
1. Populations of podocarps are not regenerating and recruiting successfully, and may
currently be persisting primarily due to longevity.
2. Species composition is shifting towards dominance by hardwood species.
Objectives were set to gain the information needed to address these hypotheses as follows:
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Specific objectives
1. Determine current species composition of woody plants in four forest fragments on
Banks Peninsula.
2. Examine size and age structures of both main canopy podocarp species and
hardwoods to determine whether successful regeneration and recruitment of
podocarp canopy species is occurring.
3. Infer future compositions in the four fragments, using information gained from 1 and 2
above.
4. Suggest implications for management, based on the results found.
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Chapter 2: Study Area and Site descriptions
2.1 Study Area: Banks Peninsula
Banks Peninsula is located at approximately 440 latitude and 1730 longitude, and juts out from
the east coast of the South Island of New Zealand (Figure 2.1). It is approximately 50 km long,
and 30 km wide (Wilson, 1992) and totals about 100,000 ha (Ogilvie, 1990).
,.Christchurch· ." -
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Figure 2.1: Location and study sites, Banks Peninsula, New Zealand. 1 - Kaituna Valley Reserve;
2 - Prices Valley Covenant; 3- Okuti Valley Reserve; 4 - Hay Reserve.
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2.1.1 Geology
Banks Peninsula is based on the calderas of two late Tertiary basaltic volcanoes (Wardle, 1991).
The main Lyttleton Volcano formed between 11.0 and 10.4 million years ago, and the major
centre of eruption was located in what is now Head of the Bay (Sewell, et a/., 1993). Volcanic
activity shifted to the south east c. 9.5 million years ago with the formation of the Mount Herbert
volcanic group, located near the current Mount Herbert (Sewell et a/., 1993). At about the same
time, vulcanism was also occurring in the Akaroa area. The final volcanic episode on the
peninsula occurred 7.0 to 5.8 million years ago at the Diamond Harbour volcanic group (Sewell,
et a/., 1993).
Banks Peninsula was still an island until the last ice age (14,000-27,000 years ago), when
gravels and sands eroded from the Southern Alps by glaciers was carried out in constantly
spreading fans by large braided river systems (Bradshaw, 1985). During the glacial periods in
the last 2 million years, windblown sand and silt (loess) was deposited on Banks Peninsula,
joining it to the mainland Canterbury Plains (Sewell et a/., 1993). The peninsula soils are derived
from igneous bedrock and loess, with fertile alluvial soils on valley floors (Wilson, 1992).
2.1.2 Climate
The Banks Peninsula climate pattern broadly follows the main physiographic features: mild and
sub-humid on coastal margins; sub-humid to humid in valleys and inner harbours; cooler and
humid on the summits (Vucetich, 1969).
Summers tend to be warm to moderate, with cool to cold winters (McEwen, 1987). Average
rainfall for the region ranges from 600 mm to 2000 mm, with a pronounced winter maximum
(Wilson, 1992). Precipitation increases rapidly along an altitudinal gradient. The winds are
predominantly easterly and are variably rain-bearing (Wilson, 1992). The main rain-bearing
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winds are from the south and south-east (Wilson, 1992). Warm, dry north-west winds exacerbate
drought conditions during dry summer spells (Wilson, 1992).
2.1.3 Vegetation
Fossil records indicate that podocarps, hardwoods and beeches (Nothofagus species) were
significant elements of Banks Peninsula forests during the Miocene (Fleming, 1980; cited in
Wilson, 1992). When Polynesians arrived about 1000 years ago, it is thought that forests
consisting of these elements clothed the hills of Banks Peninsula (Ogilvie, 1990). The beeches
were mostly confined to the north-eastern parts of the peninsula and mixed podocarp-hardwood
forests dominated most of the land area (Wilson, 1992). Descriptions by early European settlers
indicate the high density of the forests still standing when they arrived on Banks Peninsula in the
early to mid-1800's. Beneath the canopy little sunlight was apparent, and the undergrowth made
it difficult to travel through the bush (Petrie, 1963). The forest floor was described as having a
dense covering of ferns, lichen, young seedlings and moss-encrusted logs, with a thick,
constantly damp litter layer (Petrie, 1963).
Presently Banks Peninsula forest exists in small scattered fragments, with most less than 10 ha
(Owens, 1996).
Vegetation types occurring around the peninsula today include mixed podocarp-hardwood forest,
which occurs on valley floor alluvium as well as on lowland hill slopes; red beech (Nothofagus
fusca) and black beech (Nothofagus solandrr) forest in the north-eastern part of the peninsula,
occurring on upper lowland and montane hill slopes; and a variety of second-growth mixed
hardwood forest, including areas of Kunzea ericoides dominated forest on lowland alluvium and
lowland hill slopes (Wilson, 1992). Several native tree species reach their southern distributional
limit on Banks Peninsula. These include Alectryon excelsus, Macropiper excelsum,
Rhopalostylis sapida, and Hedycarya aborea.
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Non-forest vegetation includes tussock lands, grass lands, and open shrub lands, as well as the
extensive areas of agricultural and horticultural land which dominates the Banks Peninsula
landscape today.
2.1.4 European Settlement and Land Use
Europeans were living on the Peninsula from the early 1830's. Most of these first residents were
whalers, flax traders and deserters (Ogilvie, 1992). Whaling was Banks Peninsula's first major
industry with its heyday between 1830 and 1845, and Peraki, the oldest European settlement in
Canterbury, was established by Captain George Hempleman as a whaling station in 1837
(Ogilvie, 1992). Other whaling bases were established at Ikoraki, Oashore, Island Bay and Little
Port Cooper (Ogilvie, 1992).
When these first Europeans arrived, Polynesian settlers had cleared approximately one third of
the forest cover to make way for cultivation and the building of pa (fortified settlements) (Ogilvie,
1990).
European settlement began in earnest around the 1840's with the arrival of the French settlers in
Akaroa (Ogilvie, 1992). They were joined there by British settlers, while other British settlers
began to establish themselves elsewhere. Some of the earliest Banks Peninsula families were
the Hays and the Sinclairs, who arrived to settle at Pigeon Bay in 1843 (Ogilvie, 1992), and by
1860 permanent settlements were established in Akaroa, Takamatua, Pigeon Bay, MacKintosh
Bay, Little Akaloa, Okains and Le Bons Bays and at the head of Akaroa Harbour (Petrie, 1963).
Exploitation of the remaining two thirds of the forest began immediately following settlement
(Wilson, 1992). Forest clearance followed the same basic patterns as those of settlement, with
the bay heads and valley floors cleared first by pit-sawyers and later by larger sawmills (Petrie,
1963; Wilson, 1992). Timber was provided for building houses and amenities in Christchurch
and Lyttelton (Ogilvie, 1992), as well as a multitude of other uses for various species.
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The major period of forest clearance was between 1840 and 1890 (Ogilvie, 1990). Logging
occurred in conjunction with general forest clearance for grazing, and accidental and deliberate
fires destroyed large areas of forest, both logged and unlogged (Petrie, 1963; Ogilvie, 1990;
Wilson, 1992). By 1900, most of the forests had been completely destroyed (Petrie, 1963). The
last sawmill closed in 1903 (Ogilvie, 1990), and less than 1% of the original forest cover
remained (Petrie, 1963).
Cocksfoot (Dactylis glomerata) seed production was the first major industry on Banks Peninsula,
producing more income per hectare than any other industry during the 1840's (Ogilvie, 1992). It
continued to be a major industry into the early 1900's (Ogilvie, 1990; Wilson, 1992). Dairying
was the mainstay of the Banks Peninsula economy from the late 1850's, however since 1950
sheep and beef cattle have taken over as the main production industry (Wilson, 1992). Market
gardening, fruit orchards and deer farming are also common on Banks Peninsula today.
2.2 Site Descriptions
Table 2.1: Site summaries (Kelly, 1972).
Kaituna Valley Reserve Okuti Valley Reserve Hay Reserve Prices Valley Covenant
Size (ha) 5.9 4.3 6.0 c. 7
Grid ref. M36 848183 N36 965137 N36 018227 M36 870155
Elevation* 25 90-150 25 50
Slope 0° 0-30° 0-40° 6°
Aspect valley runs NE/SW generally Sand SW valley floor runs approx. valley runs approx.
N/S NE/SW
Soil valley floor alluvium is loess and alluvial valley floor underlain by valley floor alluvium
derived from debris of boulder clay coarse boulder alluvium,
Akaroa and Lyttelton overlain by alluvial loess
volcanoes, and loess
Fertility high medium high high
* metres above sea level
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2.2.1 Okuti Valley Reserve
This reserve was gazetted in 1917 and has been fenced since then. The stand dates from the
major period of forest clearance and burning on Banks Peninsula.
Vegetation
Okuti Valley consists of lowland podocarp-hardwood forest, and second-growth mixed hardwood
forest (Wilson, 1992). Species such as Pittosporum eugenioides, Hoheria angustifolia,
Macropiper exce/sum, and Myrsine australis are abundant, with less widespread species such as
Unama banksii, Dicksonia squarrosa, Teucridium parvifolium and Cyathea smithii also present.
Canopy podocarps are around 80-160 years old (see Section 4.1.2), in keeping with the major
periods of forest clearance in the late 1800's. There are well established saplings of all the
podocarp species present, many over two metres in height. Large senescent Kunzea ericoides
and adjacent Kunzea ericoides stands suggest establishment following burning in the past. The
reserve shows considerable regeneration of all species, although the undergrowth is not as
dense as at Prices Valley, possibly due to grazing by goats entering from the adjacent farmland.
Conservation Value
Okuti Valley Reserve has a high conservation value as an area which is regenerating into an
excellent example of lowland podocarp-hardwood forest (Wilson, 1992). Bird species such as
bellbird (Anthornis me/anura) and kereru (Hemiphaga novaesee/andiae), both important in seed
dispersal, and grey warbler (Gerygone igata) and fantail (Rhipidura fuliginosa fuliginosa) are still
present.
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Threats to Reserve
Despite fencing, the reserve is always threatened by stock from the surrounding farmland, in
particular goats, which are common on Banks Peninsula.
Exotic weed species that are near the reserve include Acer pseudoplatanus (sycamore), Rubus
species (blackberry), Prunus cerasifera (cherry plum) and Salix fragilis (crack willow) (Wilson,
1992), although there appears to be little actual invasion beyond the reserve boundaries by any
weeds.
2.2.2 Hay Reserve
Hay Reserve was gifted for protection in 1973 by the Hay family, who have been in residence at
Pigeon Bay since 1843 (Ogilvie, 1992). The reserve area had been protected by the family prior
to being officially gazetted (Wilson, 1992). Planted Populus and other exotics exist around the
edges of the podocarp-hardwood forest, although some of these have been removed in recent
years.
Vegetation
Fine specimens of mature Dacrycarpus dacrydioides, Prumnopitys taxifolia, and Podocarpus
totara are present in the reserve, as well as one adult Prumnopitys ferruginea. Also of note,
Alectryon excelsus, Elaeocarpus dentatus, Passiflora tetrandra, three species of tree fern,
Macropiper excelsum, Hedycarya arborea, Metrosideros diffusa, and Pseudopanax anomalus. A
small patch of Kunzea ericoides also occurs in part of the reserve, and Kunzea ericoides
continues into the pasture immediately adjacent to the boundary fence.
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Conservation Value
Hay Reserve is described as "perhaps the best tract of valley floor podocarp forest left on Banks
Peninsula apart from Prices Valley Covenant" (Ogilvie, 1990), complete with its own stream. The
presence of a seedling and a single mature Prumnopitys ferruginea, a species which is very rare
on the Peninsula, further enhances the conservation value of Hay Reserve.
Common bush birds reside in the reserve, including bellbird and kereru (Wilson, 1992).
Threats to the Reserve
The reserve is threatened by a number of extremely invasive weeds such as Clematis vitalba,
Tradescantia f1uminensis (wandering jew), Vinca major (periwinkle), Sambucus nigra (elderberry)
and Solanum dulcamara (bittersweet). Also exotic trees such as sycamore, Fraxinus excelsor
(ash), Ulmus species (elm) and crack willow, which have been planted around the edges and in
other areas nearby, and are beginning to self-seed within the reserve and among the native
vegetation.
2.2.3 Prices Valley Covenant
This protected area is considered the best remnant of podocarp-hardwood forest on Banks
Peninsula (Wilson, 1992; Ogilvie, 1992). It was placed under an Open Space Covenant by the
Queen Elizabeth II National Trust in 1988 (QE II National Trust, 1988), although stock had been
excluded prior to official protection (Wilson, 1992).
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Vegetation
The canopy is dominated by Prumnopitys taxifolia, with some Dacrycarpus dacrydioides and
Podocarpus totara (Wilson, 1992). The undergrowth is dense with abundant podocarp saplings,
and shrub species such as Coprosma robusta, C. areo/ata, and Urtica ferox, with Macropiper
exce/sum and A/ectryon exce/sus also abundant. The protected area is swampy in some places,
and is subject to run-off from the surrounding hills.
Plate 3: Podocarps emergent over a hardwood canopy, Prices Valley Covenant.
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Conservation Value
The podocarp saplings in Prices Valley are well established, and there appears to be more
potential for the replacement of canopy dominants by other podocarps, therefore maintaining this
remnant well into the future. However, disturbances are likely to remain small, which may
promote hardwoods over podocarps. The vegetation appears to be largely unaffected by grazing
and also seems to have escaped the extensive logging that occurred in the area in the mid-
1800's.
Noted in the area by Wilson (1992) were common bush birds such as bellbird, kereru, grey
warbler and fantail.
Threats to the Reserve
The occasional blackberry can be found within the covenant area, and some periwinkle is
present in adjacent areas. However, few weeds of consequence threaten the reserve (Wilson,
1992).
Stock breaking through fences is always a threat, although the fencing is in good condition in
most parts.
Sulphur crested cockatoo nesting in the covenant may also pose a threat, both as competition for
fruits and seeds, which are an important food source for native bird species, and as seed
predators. These birds destroy the seed as they feed, so that seeds dropped to the forest floor
are often no longer viable.
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2.2.4 Kaituna Valley Reserve
The reserve area was used as stock shelter for several decades under the ownership of Thomas
Hodson Parkinson, who purchased this part of Kaituna Valley in 1875 (Acland, 1975). In 1957
the remnant was purchased from Parkinson, fencing was renewed, and the new reserve was
placed under the care of the Royal Forest and Bird Protection Society (Department of Lands and
Survey, 1958).
Vegetation
Kaituna Valley Reserve is a remnant of lowland valley floor alluvium forest (Wilson, 1992)
consisting of an abundant, even-sized A/ectryon exce/sus canopy and a few mature, emergent
Prumnopitys taxifolia and Dacrycarpus dacrydioides. Other species present include Melicytus
ramiflorus, Melicope simp/ex, Coprosma robusta, C. areo/ata, C. rotundifolia, Hoheria
angustifolia, Pennantia corymbosa, Urtica ferox, Streb/us heterophyllus, Myrsine australis, and
Macropiper exce/sum. Podocarpus totara were also present in the reserve in the past, however
none exist there today.
Conservation Value
Lowland valley floor alluvium forest is extremely rare on Banks Peninsula today (Wilson, 1992).
The extensive A/ectryon exce/sus stand is significant as the only one of such density on the
Peninsula. Bush birds such bellbird, kereru, fantail, grey warbler are common in the area.
Threats to the Reserve
Although grazing was excluded in 1957, the reserve has little undergrowth, a thin litter layer, and
consolidated soils. Silt deposition on the valley floor in the past is suggested by the presence of
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Dacrycarpus dacrydioides in the reserve, however the creek running around the n9rth and west
boundaries of the reserve is now controlled, with the banks held by willow, and when in flood the
creek scours the forest floor rather than depositing silt. Also, as a result of fragmentation and
grazing, the edges cif the bush remnant itself are open, and hot, dry nor'west winds blow through
the reserve interior, leaving it much drier than a relatively closed remnant such as Prices Valley
Covenant or Okuti Valley Reserve. These factors may inhibit regeneration of some species, and
may affect forest dynamics in Kaituna Valley Reserve irreversibly.
Also of major concern is the invasion of exotic weed species. Clematis vitalba is a major problem
around the reserve perimeter, smothering native vegetation. Other weed species include
elderberry, crack willow, blackberry, periwinkle, Calystegia silvatica, Iris foetidissima, grey willow,
male fern and broom. Many of these species are extremely invasive and are capable of
exploiting small disturbed areas which natives are unable to capture, particularly in competition
with these weedy species (Timmins and Williams, 1987).
Plate 4: Interior and track, Kaituna Valley Reserve.
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Chapter 3: Methods
3.1 Plot Design and Placement
In each of the four reserves, rectangular plots were established. In Kaituna Valley Reserve and
Prices Valley Covenant, where the forest was relatively homogeneous, single large plots of 100 x
60 m and 150 x 60 m respectively were established. In Okuti Valley Reserve, three plots of
varying size (55 m x 35 m, 50 m x 50 m, 50 m x 50 m) were subjectively placed to give a
stratified sample reflecting the changing composition moving from one end of the reserve to the
other. In Hay Reserve, the irregular shape of the reserve and the stream running through it
made it necessary to place three separate plots measuring 50 mx 50 m, 30 mx 25 m, 50 mx 30
m. Plots were located to avoid streams, fences and standing water, and edge areas were also
avoided because the composition often differed from that which was considered to be
representative of the majority of the vegetation in each reserve (Figure 3.2). Each plot was
divided into strips measuring 5 macross, and surveyed in 5 mx 5 mcontiguous quadrats along
each strip (Figure 3.1).
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Figure 3.1: Basic plot design. Numbers and letters refer to 5 m x 5 m quadrats (Eg; A1, B1. ....) for
recording data. Seedlings and saplings were sampled in every fourth quadrat, marked #. Solid lines
indicate 5mwide strips, and dotted lines mark the extent of 5mx 5mquadrats within each strip.
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3.2 Data Collection
To examine the population structures and regeneration status of podocarp species in each
reserve, in each 5 m x 5 m quadrat the species and diameter at breast height (dbh =
approximately 140 cm from the ground) were recorded for trees;:::: 5 cm dbh. For multi-stemmed
individuals, all the stems were measured.
In addition, the x and y coordinates of all podocarps were recorded, including seedlings and
saplings. The x and y coordinates referred to the plot grid, rather than the individual quadrat.
Seedlings were classified as those individuals greater than 20 cm tall, but less than 140 cm.
Saplings were those individuals greater than 140 cm tall, but less than 5 cm dbh.
To make a complete examination of forest composition and structure, species and diameter at
breast height were also recorded for hardwood trees;:::: 5 cm dbh. Large numbers of hardwood
seedlings and saplings made it impractical to do a complete census. Therefore, in every fourth
quadrat (marked # in Figure 3.1) hardwood saplings and seedlings (classified by the same
criteria as the podocarps) were identified and counted. Vines and herbaceous species were not
recorded.
To determine if overhead cover influenced seedling establishment, canopy cover in each quadrat
was subjectively estimated using the following classes:
1=<1% 2=1-5% 3=6-25% 4=26-50% 5=51-75% 6=76-100%
Average canopy covers, as a percentage, were calculated for quadrats containing podocarp
seedlings and saplings, and those without, to determine whether podocarp seedlings and
saplings favoured areas of low canopy cover.
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3.3 Forest Composition and Structure
These data was used for the following:
1. To assess the importance of each species, density (No. ha-1) and dominance (basal area,
m2 ha-1) were calculated. Basal area was calculated using all the stems of multi-stemmed
individuals.
2. Size class frequency distributions of podocarps (including seedlings and saplings) and
hardwoods (;::: 5 cm dbh) were constructed to graphically illustrate population structures of
each species, using only the largest stem of multi-stemmed individuals. Size classes for
hardwoods began at 5 cm dbh and increased in 5 cm increments. For podocarps, tree size
classes also began at 5 cm dbh and increased in 10 cm increments. Population structures
were then examined to determine establishment patterns in the past, and recent recruitment
into tree size classes, therefore suggesting the likelihood of long-term persistence of
podocarp species.
3. To interpret stand structure and patterns of stand development, age is preferable to size
data. Therefore, age-class frequency distributions were constructed for podocarp species in
all the reserves, and for A/eetryon exee/sus at Kaituna Valley Reserve, using ages derived
from increment cores collected at each site (Section 3.4).
4. The x and y coordinates were used to construct distribution maps of podocarps, showing the
spatial arrangement of seedlings, saplings and trees. The maps were examined to identify
obvious clumping of individuals in each broad size category, and were also compared to
determine whether or not each species showed apreference for different areas of the plots
and/or reserves. Spatial analyses were conducted to examine possible associations
between podocarp species in each broad size class (trees; seedlings and saplings), and
between size classes within each podocarp species (Section 3.5).
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5. Tables of seedling and sapling densities were compiled to provide numbers of seedlings
and saplings (per hectare) of each species.
To determine whether population dynamics are similar in all the reserves, or vary according to
site, population structures were compared to identify:
• similar or differing patterns between podocarp species within reserves;
• similar or differing patterns within hardwood and podocarp species, between plots
and between reserves;
• indications of regeneration mode, eg catastrophic, gap-phase, continuous;
• population structures that appear to be influenced by past disturbance such as
grazing and fire;
• regeneration status, particularly of podocarp species.
3,4 Increment cores
To examine the age structures of Prumnopitys taxifolia, Dacrycarpus dacrydioides and
Podocarpus totara, increment cores were collected from a sub-sample of each of these species
(where possible) in all the reserves. Cores were not taken from trees < 10 cm dbh to avoid
permanent damage of young trees, or from trees> 95 cm dbh, because the centre of these trees
was beyond the reach of the corers available and often contain heart rot. As a result of this,
sample sizes for one or more of the podocarp species in some of the reserves were very small.
For example, Prumnopitys taxifolia in Okuti Valley Reserve were mostly small trees, and in Prices
Valley Covenant Dacrycarpus dacrydioides and Podocarpus totara trees were either too big or
too small to core.
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Cores were also collected from Alectryon excelsus in Kaituna Valley Reserve and Prices Valley
Covenant to determine whether or not the even-sized stands were also even-aged. This was
important in interpreting possible factors which may have caused such a stand of Alectryon
excelsus to develop.
Cores were prepared after drying, by sanding with successively finer grades of sandpaper until
the annual rings were clear, and rings were counted using a binocular microscope. Where the
centre of the tree was not intercepted but arcs were visible, the age of the missing portion was
estimated using a method described by Duncan (1989). Ages of short cores that did not
intercept the arcs were estimated using a method described by Norton et al. (1987), using the
innermost 20 rings to estimate the number of rings contained in the missing portion.
3.5 Association tests
Possible associations among Prumnopitys taxifolia, Dacrycarpus dacrydioides and Podocarpus
totara were examined using bivariate spatial analysis. This uses the K12(t) function to measure
the spatial dependence of group 1 and group 2 at different distance intervals t. The K12(t) value
is calculated for the observed spatial pattern of one species with respect to another. Monte Carlo
simulations randomly shift one group of species in relation to another and calculate the K12(t)
value for each of the nineteen simulated shifts. Ninety-five percent confidence envelopes are
calculated from the high and low values from the Monte Carlo simulations. Any observed K12(t)
value that falls outside the confidence envelope indicates a statistically significant positive or
negative association.
Data was processed using a program developed by Duncan (1990). More detail of the bivariate
analysis procedure is available in Upton and Fingleton (1985).
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Chapter 4: Results
4.1 Okuti Valley Reserve
4.1.1 Forest Composition
Okuti Valley Reserve is a second growth podocarp-hardwood forest (Wilson, 1992), with
composition changing from Plot 1, located on the hill section of the reserve, to Plots 2 and 3,
positioned on a flatter terrace area. Mature podocarps were virtually absent in Plot 1, with the
exception of asingle canopy Podocarpus totara. A number of seedlings and saplings were found
for Prumnopitys taxifolia, Dacrycarpus dacrydioides and Podocarpus totara (Table 4.2), but the
hardwoods were overwhelmingly dominant in Plot 1, both in terms of density and basal area
(Table 4.1). Of the hardwoods, Melicytus ramiflorus and Myrsine australis were the most
dominant, the former with particularly high densities of predominantly small stems.
The flatter terrace area (Plots 2 and 3) had a significant podocarp component. All three species
(Prumnopitys taxifolia, Dacrycarpus dacrydioides and Podocarpus totara) were present in all size
classes, from seedlings and saplings up to the largest size, which varied from 45 cm dbh for
Prumnopitys taxifolia and Dacrycarpus dacrydioides, to 65 cm dbh for Podocarpus totara. The
podocarps contribute approximately 20% of the total basal area in this part of the reserve. It is
interesting to note that while in Plot 2 Dacrycarpus dacrydioides ranks higher in density and
basal area than Podocarpus totara, the two species switch in Plot 3 where Podocarpus totara is
more dominant. This could be related to a moisture gradient (Wardle, 1991). Wet depressions
and swampy areas favoured by Dacrycarpus dacrydioides in Plot 2did not occur in Plot 3.
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The hardwoods contribute most of the basal area in Plots 2 and 3. Melicytus ramiflorus is the
most dominant hardwood, represented by small stems at high densities. Myrsine australis and
Pseudopanax arboreus follow Melicytus ramiflorus in order of dominance, with populations also
dominated by small stems. Cyathea dealbata is a significant component, with a clumped
distribution in each plot.
Kunzea ericoides is prominent in all plots, but in Plot 1 this species occurred at higher densities
than in Plots 2 and 3. Kunzea ericoides occurred at its lowest densities in Plot 2, however the
basal areas in Plots 1 and 2 were the same, suggesting that in Plot 2 the population consists of
fewer but generally larger individuals. In Plot 3 the density of Kunzea ericoides increases to
more than twice that of Plot 2, with a concomitant increase in basal area. This suggests that
although densities have increased, the average size of individuals is similar to that in Plot 2.
Many of the Kunzea ericoides trees in Plots 2 and 3 were beginning to senesce in the canopy.
The presence of Kunzea ericoides suggests a fire in the past.
Table 4.1: Density and basal area of podoearps and hardwoods ~ 5em dbh3, Okuti Valley Reserve.
Plot 1 Plot 2 Plot 3 Total
hill section terrace area terrace area
0.1925 ha 0.25 ha 0.25 ha 0.6925 ha
Density Bas. Area Density Bas. Area Density Bas. Area Density Bas. Area
ha·1 m2 ha·1 ha·1 m2 ha·1 ha·1 m2 ha·1 ha·1 m2 ha·1
Prumnopitys taxifolia 0 0.0 52 0.6 56 1.4 39 0.7
Dacrycarpus dacrydioides 0 0.0 68 7.8 28 1.6 35 3.4
Podocarpus totara 5 1.9 36 5.0 112 10.2 55 6.0
Melicytus ramif/orus 597 10.7 260 9.6 304 7.2 370 9.0
Myrsine australis 379 2.7 140 0.9 188 1.0 224 1.4
Kunzea ericoides 197 5.3 68 5.3 156 10.2 136 7.0
Pseudopanax arboreus 270 2.3 176 1.6 88 0.7 170 1.5
Cyathea dea/bata 145 6.3 56 2.2 80 2.9 90 3.6
Dead 317 4.0 108 2.0 76 1.3 155 2.3
Other 644 9.0 576 7.0 512 8.6 572 8.1
Totals 2554 42.3 1540 41.8 1600 45.1 1846 43.0
3 Complete tables for density and basal area of all tree and shrub species recorded for all the fragments studied are
in Appendix 1.
40
Spread over the three plots, seedling and sapling numbers are generally lower in comparison to
hardwood species. Seedling densities for Podocarpus totara in Plot 1 were similar to those of
Melicytus ramiflorus, Myrsine australis and Kunzea ericoides. However, sapling densities for all
the podocarps were significantly lower than the hardwoods, suggesting that although seedlings
are establishing, the podocarps are either not recruiting to the next size class, or are still at an
early stage of development. It is possible that more recruitment could occur in the future. In Plot
2 only Prumnopitys taxifolia has a higher number of saplings than seedlings, indicating that
seedlings are being recruited to the larger size class. The low number of Podocarpus totara and
Dacrycarpus dacrydioides saplings may be due to suppression beneath the canopy, causing
seedling mortality before individuals reach sapling size. In Plot 3 Prumnopitys taxifolia again
appears to be recruiting from seedling to sapling size class, while Dacrycarpus dacrydioides has
less than half the saplings compared to seedlings, and Podocarpus totara has similar numbers in
each size class. Again, this suggests little or no recruitment for Dacrycarpus dacrydioides and
Podocarpus totara from seedling to sapling size. As in Plot 2 podocarp densities are
outnumbered by the hardwoods.
Table 4.2: Seedling and sapling densities « 5em dbh) of podoearps and hardwoods (ha-1)4, Okuti Valley
Reserve.
Plot 1 Plot 2 Plot 3 Total
Seedlings Saplings Seedlings Saplings Seedlings Saplings Seedlings Saplings
ha·1 ha·1 ha·1 ha·1 ha·1 ha·1 ha·1 ha·1
Prumnopitys taxifolia 78 0 156 240 208 368 153 219
Dacrycarpus dacrydioides 57 0 140 40 228 100 170 51
Podocarpus totara 306 16 164 44 64 68 168 48
Melicytus ramiflorus 200 500 933 933 2400 2267 1046 1108
Myrsine australis 200 400 467 467 133 800 308 523
Kunzea ericoides 100 0 0 0 0 0 31 0
Pseudopanax arboreus 2100 1400 67 267 0 1067 677 800
Macropiper exce/sum 3900 3500 2333 3467 933 1867 2492 3108
Cyathea dealbata 0 0 0 0 133 0 31 0
Other 2010 1000 6202 5200 3467 3331 4369 2246
Totals 8951 6816 10462 10658 7566 9868 9445 8103
4 Complete tables for seedling and sapling densities of all tree and shrub species recorded for all the fragments
studied are in Appendix 2.
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4.1.2 Size and Age Structures
The Prumnopitys taxifolia and Dacrycarpus dacrydioides populations in Plot 1 consisted of
seedlings only, while Podocarpus totara was represented by seedlings and saplings, as well as a
single large tree (Figure 4.1). The podocarps in plots 2 and 3 had more extensive populations
made up of mature individuals, and asignificant proportion of seedlings and saplings of all three
species. In Plot 2 the majority of Dacrycarpus dacrydioides and Podocarpus totara occurred in
the seedling size class, suggesting a continuing period of recruitment. In Plot 3 Dacrycarpus
dacrydioides shows asimilar size class distribution, however Podocarpus totara in Plot 3 appears
to have more recruitment into sapling and small tree size classes than in other parts of the
reserve. Smaller peaks in the size class distributions of Dacrycarpus dacrydioides in Plot 2 and
Podocarpus totara in Plot 3 suggest an upsurge in establishment for these two species some
time in the past. Size class distributions for Prumnopitys taxifolia show fewer seedlings than
saplings in both Plot 2 and Plot 3, which may indicate that the current establishment period is
slowing for this species. The more recent upsurge in establishment exhibited by all three species
in the seedling, sapling and small tree size classes may be due to establishment in small
disturbance openings.
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Figure 4.1: Size class frequency distributions, Okuti Valley podocarps. sd =seedlings, s =saplings.
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Increment cores gave similar ages for Prumnopitys taxifolia, Podocarpus totara and Dacrycarpus
dacrydioides, with most falling between 80 and 160 years (Figure 4.2). Tight clustering of ages
for Podocarpus totara and Dacrycarpus dacrydioides reflects the upsurge in establishment which
began about 160 years ago. The single mature Podocarpus totara in Plot 1was the only mature
tree in that plot and may be a survivor of a previous population that covered that part of the
reserve.
It is probable that the current establishment period reflects the response of Podocarpus totara,
Prumnopitys taxifolia and Dacrycarpus dacrydioides to the same disturbance event(s).
Dacrycarpus dacrydioides and Podocarpus totara show peaks in different size classes (Figure
4.1 and 4.2) due to the faster growth rates of the latter.
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Figure 4.2: Age vs diameter in Okuti Valley Reserve. Prumnopitys taxifolia n=4 (e), Dacrycarpus
dacrydioides n=19 (_), Podocarpus totara n=14 (.6.).
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Estimates of ages made by Ebbett (1998) were similar for Prumnopitys taxifolia and Podocarpus
totara, and fall within the same range as those presented above (Table 4.3). Differences in age
estimates may be due to different observers and/or methods between the two studies, lack of
accuracy due to small sample-size in this study, and asample collected from different sections of
the reserve.
Table 4.3: Age range estimates made by Ebbett (1998) from the terrace area of Okuti Valley Reserve.
Corrections for age to coring height were made for these estimates (Ebbett, 1998). There was some
overlap between Ebbett's plots and those laid out for this study, however only a few individual trees were
aged in both studies.
Species Age range n
Podocarpus totara 61-159 12
Prumnopitys taxifolia 116-142 9
Dacrycarpus dacrydioides 91 1
Kunzea ericoides 44-106 25
Size class structures for Kunzea ericoides show an approximately even-sized population in the
reserve as a whole. Average tree size increases from Plot 1 to Plot 2, with the trees in Plot 1
generally smaller than those in the other plots (Figure 4.3). Kunzea ericoides is a seral species
(Wardle, 1991), and fhe absence of seedlings and saplings in Plots 2 and 3 indicates that these
trees will not be replaced in the future, unless a suitable disturbance such as fire occurs.
Assuming that age and diameter are related would suggest that these population structures
indicate three separate age groups for Kunzea ericoides in Okuti Valley Reserve, with the oldest
section in Plots 2 and 3, and the youngest in Plot 1. Two age estimates for Kunzea ericoides in
Plot 2 (112 and 120 years) and age estimates for Kunzea ericoides made by Ebbett (1998)
(Table 4.3) suggest that this species may also have been initiated around the same time as most
of the podocarps.
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Figure 4.3: Size class frequency distributions for Kunzea ericoides, Okuti Valley Reserve.
Melicytus ramiflorus, Pseudopanax arboreus and Myrsine australis all had size class distributions
with a reverse-J curve indicating continuous regeneration (Figure 4.4). Myrsine australis had
strikingly similar size class distributions, and little variation in seedling and sapling densities
between Plots 1and 2 (Table 4.2). Although Melicytus ramit/orus reached a larger size class in
Plot 3 than in Plot 1, the size class distribution for these two plots had similar proportions of small
trees (5-25 cm size classes). In Plot 2 the Melicytus ramit/orus population differs with higher
proportions of trees in size classes ~ 15 cm dbh than in the other two plots. Melicytus ramiflorus
showed a trend of increasing seedling and sapling densities from Plot 1 through to Plot 3 (Table
4.2). Tree size class distributions for Pseudopanax arboreus were similar across all plots,
although the numbers of individuals decreased slightly from Plots 1 and 2 to Plot 3 (Table 4.1).
Pseudopanax arboreus seedlings and saplings showed the reverse trend of Melicytus ramit/orus,
with highest densities in Plot 1, considerably fewer seedlings and saplings Plot 2, and no
seedlings in Plot 3.
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Figure 4.4: Hardwood size class frequency distributions, Okuti Valley Reserve (:2: 5 cm dbh).
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Cyathea dealbata size class distributions show a peak in the 15-25 cm size class in all plots, with
decreasing numbers in smaller size classes (Figure 4.5). Seedling and sapling counts found a
lack of regeneration for this species, except for a few seedlings in Plot 3 (Table 4.2).
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Figure 4.5: Size class frequency distributions for Cyathea dea/bata, Okuti Valley Reserve.
4.1.3 Spatial patterns of establishment
/ ..
Plot 1 shows spatially discrete groups of seedlings and saplings of each species establishing in
different parts of the hill (Figure 4.6). While Prumnopitys taxifolia and Dacrycarpus dacrydioides
are confined to clusters in opposite corners of the plot, Podocarpus totara is more clumped about
the middle of the plot, and there appears to be little overlap between species. Few data points
did not allow for more detailed spatial analysis of these patterns.
a) Prumnopitys taxifolia
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b) Dacrycarpus dacrydioides c) Podocarpus totara
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Figure 4.6: Stem maps Plot 1, Okuti Valley Reserve. • seedlings, _ saplings. The hill slopes up from
left to right in the plot.
In Plot 2 Dacrycarpus dacrydioides is the only species to show obvious clumping of trees (Figure
4.7a). Both Podocarpus totara and Prumnopitys taxifolia trees were more scattered.
Podocarpus totara trees were the most spatially discrete, occurring in parts of Plot 2 that were
not occupied by Prumnopitys taxifolia or Dacrycarpus dacrydioides trees. A positive association
between Dacrycarpusgacrydioides and Podocarpus totara at large distances was found (p <
0.05) (Table 4.4), suggesting that the line of Podocarpus totara trees runs up through the middle
of Plot 2, with each tree occurring at a more or less consistent distance from the two groups of
Dacrycarpus dacrydioides trees. Prumnopitys taxifolia trees and Dacrycarpus dacrydioides
trees did occur together in some places, suggesting less differentiation of establishment sites,
although no statistically significant association was found between trees of these two species.
Obvious clumps of Podocarpus totara and Dacrycarpus dacrydioides seedlings were found, with
Prumnopitys taxifolia again more scattered throughout the reserve with one or two small groups
(Figure 4.7b). Seedlings and saplings of all three species often co-occur in the same patches
within the plot, although only Prumnopitys taxifolia and Podocarpus totara seedlings and saplings
showed a statistically significant positive association (p < 0.05) at short distances, suggesting the
occurrence of these two species in clumps. Negative associations of Prumnopitys taxifolia and
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Podocarpus totara at large distances is probably due to the comparisons occurring between
clumps, so that each individual in one clump is negatively associated with each individual in a
different clump. There were no statistically significant negative or positive relationships found
between seedlings and saplings, and trees within or between species.
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Table 4.4: Significant results of spatial association tests (p s; 0.05), Okuti Valley Reserve, Plot 2.
Numbers following backslash indicate the distances of the associations in metres.
Prumnopitys taxifolia Dacrycarpus dacrydioides Podocarpus totara
Trees Seedlings & Trees Seedlings & Trees Seedlings &
Saplings Saplings Saplings
Prumnopitys taxifolia
Trees
Prumnopitys taxifolia + /0-10
Seedlings & Saplings
-/16-22
Dacrycarpus dacrydioides + /16-22
Trees
Dacrycarpus dacrydioides
Seedlings & Saplings
Podocarpus totara
Trees
Podocarpus totara
Seedlings &Saplings
In Plot 3 seedlings and saplings of Podocarpus totara, Prumnopitys taxifolia and Dacrycarpus
dacrydioides also occurred together (Figure 4.8b), and spatial analysis showed that the positive
association between Prumnopitys taxifolia and Dacrycarpus dacrydioides seedlings and saplings
were statistically significant (p < 0.05) (Table 4.5). Although there was no statistically significant
association found between Prumnopitys taxifolia and Podocarpus totara, the results suggested a
slight tendency for seeglings and saplings of these two species to occur together (see Appendix
3). Prumnopitys taxifolia and Podocarpus totara trees seem to occur in closer proximity than
Dacrycarpus dacrydioides and Podocarpus totara although neither relationship was statistically
significant. This may reflect the preference of Dacrycarpus dacrydioides and Podocarpus totara
to different ends of a moisture gradient.
A significantly positive association (p < 0.05) was found between Podocarpus totara trees and
Prumnopitys taxifolia seedlings and saplings, and between Podocarpus totara trees and
Podocarpus totara seedlings and saplings in Plot 3. This may be due to the spread of
Prumnopitys taxifolia seedlings and saplings and Podocarpus totara trees throughout most of the
plot area, so that any individual cannot help but occur near one of these individuals. This could
also explain the positive association between Dacrycarpus dacrydioides seedlings and saplings
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and Prumnopitys taxifolia seedlings and saplings (p < 0.05). Associations between Dacrycarpus
dacrydioides trees and Dacrycarpus dacrydioides seedlings and saplings, and between
Dacrycarpus dacrydioides trees and Podocarpus totara seedlings and saplings are indicative
only, as they relate to a small number of Dacrycarpus dacrydioides trees occurring in a single
clump in one corner of the plot, although a small group of Podocarpus totara seedlings and
saplings does occur within five metres (Figure 4.8).
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Figure 4.8: Stem maps Plot 3, Okuti Valley Reserve. • seedlings, _ saplings,'" trees. Ages determined
from increment cores are given for some trees.
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Table 4.5: Significant results of spatial association tests (p :::;; 0.05), Okuti Valley Reserve, Plot 3.
Numbers following backslash indicates the distances of the associations in metres.
Prumnopitys taxifolia Dacrycarpus dacrydioides Podocarpus totara
Trees Seedlings & Trees Seedlings & Trees Seedlings &
Saplings Saplings Saplings
Prumnopitys taxifolia
Trees
Prumnopitys taxifolia + /0-6 +/0-14
Seedlings & Saplings
Dacrycarpus dacrydioides
Trees
Dacrycarpus dacrydioides + /14-22
Seedlings & Saplings
Podocarpus totara
Trees
Podocarpus totara + /4-22 + /4-10
Seedlings &Saplings
There was no significant difference between the average canopy cover of quadrats containing
podocarp seedlings and saplings, and quadrats that did not (Table 4.6). This precludes any
suggestions that podocarps are establishing in response to small gaps in the canopy.
Table 4.6: Canopy cover estimate!) for quadrats with and without podocarps seedlings and/or saplings,
Okuti Valley Reserve.
Plot 1 Plot 2 Plot 3
Total No. of quadrats (5m x 5m) 77 100 100
No. quadrats containing podocarp seedlings and/or saplings 39 60 78
(51%) (60%) (78%)
/~
Average canopy cover of quadrats with podocarp seedlings and/or saplings (%) 79.0 75.5 83.2
Average canopy cover of quadrats without podocarp seedlings and/or saplings (%) 75.5 77.6 88.6
Average canopy cover overall (%) 77.3 76.3 84.3
4.1.4 Stand dynamics
As a whole, Okuti Valley Reserve is dominated by hardwood trees (~5 cm dbh), both in terms of
density and dominance (Table 4.1). However, there has been a significant amount of recent
regeneration and recruitment of podocarp species in the reserve, resulting in a mixed podocarp
stand which is relatively young when compared to other fragments on Banks Peninsula. There
has also been some recruitment of podocarps into sapling and small tree size classes,
particularly for Prumnopitys taxifolia and Podocarpus totara (Figure 4.1), indicating that
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successful regeneration is occurring. The seedling and sapling component of the reserve is also
dominated by the hardwoods (Table 4.2).
The bell-shaped Kunzea ericoides size structures indicate that this species has established in
relatively even-aged stands, and differences in size structures suggest that two different cohorts
may have established in different parts of the reserve (Figure 4.3). Generally smaller stems in
Plot 1 suggest that the Kunzea ericoides in that part of the reserve are younger than those found
in Plots 2 and 3. The Kunzea ericoides populations in Plots 2 and 3 may be reaching their
maximum age and dying, as many of the stems are 25-40 cm dbh and there were more standing
dead Kunzea ericoides in these plots.
The podocarp populations beneath the Kunzea ericoides canopy varied, with Podocarpus totara
dominating Plot 3 and Dacrycarpus dacrydioides most abundant in Plot 2, where there were
moist depressions and swampy areas in the forest floor. The size structures also varied, in that
for all three species only seedlings and saplings were found in Plot 1 (Figure 4.1). However, the
size structures for Plots 2 and 3 also have stems ~ 5 cm dbh with some Podocarpus totara trees
reaching up to 65 cm dbh.
The hill section of the reserve appears to be at an earlier stage of development than the forest
found on the terrace area where Plots 2 and 3 were located. High densities of small hardwood
;!~
trees were found in Plot 1 as compared to Plots 2 and 3, where individuals reach larger sizes
(Figure 4.4). This, as well as the progressively increasing size of Kunzea ericoides from Plot 1 to
Plots 2 and 3, and the absence of mature podocarps in Plot 1, suggests that the hillside was
affected by a major disturbance some time following the initiation of the podocarp stands on the
terrace, resulting in the differences in composition and structure found within Okuti Valley
Reserve.
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4.2 Hay Reserve
4.2.1 Forest Composition
Scattered emergent podocarps, mostly Prumnopitys taxifolia, contribute over half the basal area
of Plots 1 and 2 in Hay Reserve (Table 4.7). The basal area of the podocarp species drops to
just under 24% in Plot 3, where very few podocarps were found. Podocarpus totara and
Dacrycarpus dacrydioides were very low in numbers in the three plots, and all the podocarps,
excluding a few seedlings in Plot 3, were greater than 35 cm dbh (Figure 4.9).
The hardwoods were dominated by Alectryon excelsus in the canopy and Melicytus ramiflorus in
the sub-canopy. Both species were present at high densities throughout the reserve with
Melicytus ramiflorus contributing the highest basal area of all the hardwoods. Macropiper
excelsum was present at high densities and at all sizes in Plots 1 and 2, but barely featured in
Plot 3, and Pittosporum eugenioides was prominent throughout the three plots. Kunzea
ericoides was present at high densities only in one section of Plot 3.
A single mature Prumnopitys ferruginea exists in Hay Reserve in Plot 1, and a seedling was
-f-~
found nearby (Table 4.8). Prumnopitys ferruginea are dioecious, therefore, a single tree can not
reproduce. The seedling is significant in that the only remaining stand of Prumnopitys ferruginea
containing both male and female trees is located at Port Levy approximately 10 kilometres away.
The most likely dispersal mechanism would be transport of the seed by bird, probably kereru
(Hemiphaga novaeseelandiae).
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Table 4.7: Density and basal area of podoearps and hardwoods :2 5em dbh, Hay Reserve.
Plot 1 Plot 2 Plot 3 Total
0.25 ha 0.075 ha 0.15 ha 0.475 ha
Density Bas. Area Density Bas. Area Density Bas. Area Density Bas. Area
ha-1 m2 ha-1 ha-1 m2 ha·1 ha-1 m2 ha-1 ha-1 m2 ha-1
Prumnopitys taxifolia 48 27.6 67 25.0 7 3.3 38 18.4
Dacrycarpus dacrydioides 12 15.5 27 24.0 20 14.8 17 16.6
Podocarpus totara 4 5.0 13 47.5 20 5.6 11 11.9
Prumnopitys ferruginea 4 0.7 0 0.0 0 0.0 2 1.5
Melicytus ramiflorus 496 15.3 413 10.2 620 20.3 522 16.1
Alectryon excelsus 272 2.9 240 1.4 140 1.2 225 2.1
Macropiper excelsum 112 0.4 160 0.5 7 0.0 86 0.3
Pittosporum eugenioides 28 0.7 133 1.7 20 1.1 42 1.0
Kunzea ericoides 0 0.0 0 0.0 167 7.1 53 2.2
Dead 76 0.7 53 1.0 120 1.0 86 0.8
Other 352 5.6 400 3.4 247 8.3 326 6.1
Totals 1416 74.4 1507 114.9 1367 62.7 1408 77.0
There was a sharp contrast between the lack of seedlings and saplings for podocarps in all the
"
plots and the high numbers of hardwood seedlings and saplings (Table 4.8). There were no
podocarp saplings at all, indicating a lack of recruitment from seedling to sapling size class. For
the hardwood species, fewer saplings than seedlings in most cases reflects the continuous
regeneration mode of these species.
Table 4.8: Seedling and sapling densities « 5 em dbh) for podoearps and hardwoods (ha-1), Hay
Reserve.
'•. "
Plot 1 Plot 2 Plot 3 Total
Seedlings Saplings Seedlings Saplings Seedlings Saplings Seedlings Saplings
ha-1 ha-1 ha-1 ha-1 ha·1 ha·1 ha·1 ha,1
Prumnopitys taxifolia 0 0 0 0 40 0 13 0
Dacrycarpus dacrydioides 0 0 0 0 53 0 17 0
Podocarpus totara 0 0 0 0 33 0 11 0
Prumnopitys ferruginea 4 0 0 0 0 0 2 0
Melicytus ramiflorus 267 867 400 0 400 200 367 500
Alectryon excelsus 1667 533 400 200 0 0 967 233
Macropiper excelsum 3933 2933 3200 2600 3000 1800 3500 2500
Kunzea ericoides 0 0 0 0 0 0 0 0
Other 1334 601 1200 600 800 800 1133 667
Totals 7205 4934 5200 3400 4326 2800 6010 3900
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4.2.2 Size and Age Structures
Size class structures for all three podocarps (Prumnopitys taxifolia, Podocarpus totara,
Dacrycarpus dacrydioides) were dominated by large stems in all plots, and seedlings, saplings
and small trees were rare or absent in all but Plot 3 (Figure 4.9a, b, c).
Plot 3 was the exception, containing a few seedlings of Prumnopitys taxifolia, Podocarpus totara
and Dacrycarpus daciydioides, which were mostly associated with Kunzea ericoides in one
portion of the plot. These size class distributions suggest old even-aged populations with little
recent establishment other than those found in a patch with Kunzea ericoides.
Tree ages estimated from increment cores verified the relatively even-aged nature of podocarp
populations within species (Figure 4.10). Prumnopitys taxifolia were the oldest with most c. 400-
600 years old. Dacrycarpus dacrydioides were mostly 300-400 years old, and Podocarpus totara
were the youngest (c.200-250 years). Despite differences in age, the stems of all three species
occurred in a limited range of diameters, suggesting highly variable growth rates between
species. Podocarpus totara had the fastest growth rates, and Prumnopitys taxifolia the slowest.
The single Prumnopitys ferruginea was aged at 218 years and probably established around the
same time as Podocarptis totara.
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Figure 4.9: Podocarp size class frequency distributions, Hay Reserve. sd = seedlings, s = saplings. Plot
1: Daeryearpus daerydioides, n = 3: 171.7,68.0,124.0 em dbh; Podoearpus fofara, n = 1: 126.0 em
dbh; Prumnopifys ferruginea, n = 1: 93.7 em dbh. Plot 2: Daeryearpus daerydioides, n = 2: 99.0 and
114.5 em dbh; Podoearpus fofara, n=1: 213.0 em dbh.
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Figure 4.10: Age vs diameter in Hay Reserve. Prumnopitys taxifolia n=9 (e), Dacrycarpus dacrydioides
n=5 (_), Podocarpus totara n=5 (.a.), Prumnopitys ferruginea n=1 (~).
Both Alectryon excelsus and Melicytus ramiflorus showed size class distributions approaching
the reverse-J curve, waich is characteristic of shade-tolerant species regenerating continuously
(Figure 4.11 a and b), although small peaks of establishment were evident for Melicytus
ramiflorus in Plots 1 and 2, and for Alectryon excelsus in Plot 1. The large decline between the
number of trees 5-10 em dbh and those 210 cm dbh suggests high mortality rates in the 5-10 cm
size class for both species. Alectryon excelsus seedlings and saplings were found at higher
densities in Plot 1 than in Plot 2. Seedlings and saplings of Alectryon excelsus were notably
absent in Plot 3 (Table 4.8), although the vast majority of trees recorded were only 5-10 cm dbh.
Seedling densities of Melicytus ramiflorus were similar throughout the reserve, although sapling
densities varied, with a total absence in Plot 2. Macropiper excelsum had by far the highest
densities of seedlings and saplings in Hay Reserve, although it must be noted that diameters for
this species rarely exceeded 10 cm dbh.
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a) Melicytus ramiflorus
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b) Alectryon excelsus
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Figure 4.11: Hardwood size class distributions (~ 5 cm dbh), Hay Reserve.
Kunzea ericoides in Plot 3 had a bell-shaped distribution curve, suggesting an even-aged
population (Figure 4.12). No Kunzea ericoides seedlings or saplings were found within the plot.
60
Plot 3
n = 25
50
40
>- 30u
c:
Q)
:::l
0- 20~
u.
~0
1D
0
5 15 25 35
size class (cm dbh)
Figure 4.12: Size class distribution for Kunzea ericoides, Plot 3, Hay Reserve.
4.2.3 Spatial patterns of EstabHshment
Podocarps in all three plots were sparse and scattered (Figure 4.13a, b, c). While a few trees
occurred in pairs (Prumnopitys taxifolia in Plot 1; Podocarpus totara in Plot 3), little clumping was
evident. In Plot 3, most seedlings and saplings of all three species occurred at one end of the
plot. This area was on the slope of a hill and seedlings and saplings were associated with
Kunzea ericoides near the top of the slope. Detailed spatial analyses could not be carried out
due to the low number of individuals.
a) Plot 1
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Figure 4.13: Stem maps, Hay Reserve.• seedlings, _ saplings," trees. Ages determined from
increment cores are given for some trees.
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The paucity of podocarp seedlings and saplings in Hay Reserve was such that only Plot 3 was
available for comparisons of canopy cover estimates for quadrats with and without podocarp
seedlings and saplings. No significant differences were found to suggest a relationship between
the occurrence of seedlings and saplings and canopy cover estimated as a percentage of the
quadrat area, although there does appear to be an association between the Kunzea ericoides
canopy and seedlings and saplings in the upper part of Plot 3.
Table 4.9: Canopy cover estimates for quadrats with and without podocarps seedlings and/or saplings,
Hay Reserve.
Plot 1 Plot 2 Plot 3
Total No. of quadrats (5m x 5m) 100 30 70
No. quadrats containing podocarp seedlings and/or saplings 0 0 12
(0%) (0%) (17%)
Average canopy cover of quadrats with podocarp seedlings and/or saplings (%) - - 88.0
Average canopy cover of quadrats without podocarp seedlings and/or saplings (%) 85.0 83.8 87.5
Average canopy cover overall (%) 85.0 83.8 87.6
4.2.4 Stand dynamics
Hay Reserve is characterised by a podocarp population that consists of few but large
Prumnopitys taxifolia, Oacrycarpus dacrydioides and Podocarpus totara trees, which together
dominate the reserve in terms of basal area (Table 4.7). Regeneration of both the podocarps
and shade-tolerant hardwood species such as Alectryon exce/sus and Melicytus ramiflorus was
also lacking (Table 4.8), so that the reserve as a whole has a very open understorey in many
parts, particularly in Plot 3. Only Macropiper exce/sum showed significant numbers of seedlings
and saplings, due in part to the fact that this species does not grow to a large size.
The size class distributions for podocarps were disjunct in each plot (Figure 4.9), although in Plot
1 the Prumnopitys taxifolia population showed a group of more or less even-sized trees ranging
from 35 cm dbh to 115 em dbh. Oacrycarpus dacrydioides and Podocarpus totara gave disjunct
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distributions even when the three plots were combined. This could indicate sporadic
regeneration, however there is anecdotal evidence to suggest that logging occurred in the Hay
Reserve even after it was set aside, and it is more likely that the size class structures found there
at present are a result of the selective removal of timber trees in the early 1900's. The
dominance of Prumnopitys taxifolia may also be an artefact of selective logging. Because it is a
slow-growing species many of the individuals present today may have been too small for logging
during the peak period of forest clearance on the Peninsula. Also, Dacrycarpus dacrydioides and
Podocarpus totara were more widely used than Prumnopitys taxifolia. Hence, the selective
removal of the larger Dacrycarpus dacrydioides and Podocarpus totara for timber use would
leave asignificantly younger population of these two species.
The small section of Kunzea ericoides that occurs within the reserve in Plot 3 appears to be
even-aged and the lack of seedlings and saplings indicates the seral nature of this species. The
association of podocarp seedlings with the Kunzea ericoides canopy is significant in that very
little regeneration of the podocarps occurs elsewhere in the reserve.
4.3 Prices Valley Covenant
4.3.1 Forest composition
The covenant is a remnant of podocarp-hardwood forest with adjacent stands of mostly
Prumnopitys taxifolia in an protected area. The podocarps as a group (Dacrycarpus
dacrydioides, Prumnopitys taxifolia, Podocarpus totara) dominated the protected area, and
Prumnopitys taxifolia was the dominant podocarp species in terms of density and basal area
(Table 4.10). Prumnopitys taxifolia also had the highest seedling densities of the podocarps.
While Melicytus ramiflorus was found at very high densities, its low basal area reflects the high
numbers of small stems. Alectryon excelsus and Pennantia corymbosa occurred at much lower
densities, although Alectryon excelsus contributed more of the total basal area. Macropiper
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exeelsum visually dominated parts of Prices Valley Covenant, and very high densities of
seedlings and saplings (Table 4.11) reflect the high numbers of individual stems that rarely
reached ~ 5 cm dbh. Other important species include Myrsine australis, Pittosporum
eugenioides, Streblus heterophyllus and Melieope simplex.
Table 4.10: Density and basal area for
podoearps and hardwoods;:::: 5 em dbh, Prices
Valley Covenant in a 0.9 ha plot.
Density Bas. Area
ha·1 m2 ha-1
Prumnopitys taxifolia 102 29.7
Dacrycarpus dacrydioides 17 14.1
Podocarpus totara 7 2.3
Melicytus ramiflorus 496 0.1
Pennantia corymbosa 99 1.3
Alectryon excelsus 96 3.6
Macropiper excelsum 7 0.0
Dead 68 1.0
Other 231 9.0
Totals 1123 61.2
'"4.3.2 Size and Age Structures
Table 4.11: Seedling and sapling densities « 5
em dbh) for podoearps and hardwoods (ha-1),
Prices Valley Covenant.
Seedlings Saplings
ha-1 ha·1
Prumnopitys taxifolia 258 6
Dacrycarpus dacrydioides 11 1
Podocarpus totara 32 14
Melicytus ramiflorus 819 1543
Pennantia corymbosa 95 267
Alectryon excelsus 171 38
Macropiper excelsum 4571 3105
Dead 0 57
Other 1523 3048
Totals 7480 8079
Size class distributions for the podocarps suggest sporadic regeneration (Figure 4.14).
Podoearpus totara had a pronounced gap between individuals <15 cm dbh and a few trees
greater than 45 cm dbh, illustrating a lack of establishment and recruitment for a period.
Daeryearpus daerydioides showed two groups of trees, one 15-45 cm dbh and one 75-125 cm
dbh, suggesting two pulses of recruitment with a gap between each pulse. The size class
frequency distribution for Prumnopitys taxifolia shows a pronounced pulse of recruitment with
stems 25-95 cm dbh. The even-aged appearance of this group was confirmed by ages gained
from increment cores, which indicated the main period of recruitment was from 300 to 500 years
ago (Figure 4.15). Podoearpus totara and Daeryearpus daerydioides were not aged because the
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trees were too big to be cored, and afew attempts to gain partial cores from trees found heart rot
in both species. Many seedlings may represent the beginning of a new pulse of regeneration for
Prumnopifys faxifolia and Padacarpus fafara, however, low recruitment into sapling and small
tree size classes suggests that the seedling populations may also be largely ephemeral.
a) Prumnopitys taxifolia b) Dacrycarpus dacrydioides c) Podocarpus totara
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Figure 4.14: Podocarp size class frequency distributions for Prices Valley Covenant. sd = seedlings, s=
saplings.
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Figure 4.15: Age vs diameter, Prices Valley Covenant, Prumnopitys taxifolia (trees;;:: 5cm dbh; n= 30).
The size class distribution for Melicytus ramiflarus, the most dominant hardwood, showed the
characteristic reverse-J curve of a species regenerating continuously (Figure 4.16), with
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accompanying high densities of seedlings and saplings (Table 4.11). High numbers of small
trees (5-15 cm dbh) may be due to release from grazing resulting in a pulse of recent
recruitment. In contrast, A/eetryon exee/sus showed a peak in the 15-25 cm size class, although
trees of the similar size varied widely in age (Figure 4.17). A/eetryon exee/sus seedlings and
saplings suggest a new period of recruitment. The decrease in regeneration in the past may be
due to grazing and trampling of seedlings and saplings in the past, with the recent increase in
seedlings, saplings and small trees a result of excluding stock, therefore, allowing small
seedlings and saplings to attain larger size classes. Larger A/eetryon exee/sus trees may have
been able to grow during grazing because A/eetryon exee/sus is relatively unpalatable, resulting
in the larger size classes apparent in the size-class distribution. Very similar patterns for
Melieytus ramiflorus and A/eetryon exee/sus were found in Kaituna Valley Reserve (see Figure
4.18), which was also grazed until about 40 years ago.
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Figure 4.16: Hardwood size class frequency distributions, Prices Valley Covenant.
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Figure 4.17: Age vs diameter for Alectryon excelsus (n =14), Prices Valley Covenant.
4.3.3 Spatial Patterns of Establishment
While Prumnopitys taxifolia trees appeared to be scattered throughout the plot, clumps of
similarly aged trees were evident (Figure 4.18a). Prumnopitys taxifolia trees were negatively
associated (p < 0.05) with Dacrycarpus dacrydioides trees and Dacrycarpus dacrydioides
seedlings and saplings (Table 4.12). The latter appears to be based on a few small groups of
Dacrycarpus dacrydioides seedlings and saplings located near groups of Prumnopitys taxifolia
trees, and due to this, as well as the low numbers of Dacrycarpus dacrydioides seedlings and
1:'
saplings, no conclusive interpretation can be made. There was also a negative association (p <
0.05) between Prumnopitys taxifolia trees and Prumnopitys taxifolia seedlings and saplings, and
the stem maps show quite clearly that groups of Prumnopitys taxifolia seedlings and saplings are
occurring in areas where groups of Prumnopitys taxifolia trees are absent.
Dacrycarpus dacrydioides and Podocarpus totara both seemed to favour the lower lying part of
the plot, however the lack of a statistically significant association between these two species
suggests that they are not occurring in close proximity, despite being in the same area of the
plot. Seedlings and saplings were very clumped (Figure 4.18b), especially for Prumnopitys
taxifolia. Such tight clumping may be a result of birds depositing faeces from roost trees. There
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were positive associations found between seedlings and saplings of all three species (p < 0.05)
suggesting little differentiation of establishment sites.
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Figure 4.18(a): Stem maps for podocarps ;::: 5 cm dbh, Prices Valley Covenant. Ages (years) are given
for some trees.
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Figure 4.18(b): Stem maps for podocarp seedlings and saplings, Prices Valley Covenant. • seedlings,
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Table 4.12: Significant results of spatial association tests (p ::;; 0.05), Prices Valley Covenant. Numbers
following backslash indicates the distances of the associations in metres.
Prumnopitys taxifolia Dacrycarpus dacrydioides Podocarpus totara
Trees Seedlings Trees Seedlings & Trees Seedlings &
& Saplings Saplings Saplings
Prumnopitys taxifolia
Trees
Prumnopitys taxifolia
- /1-14 + /0-4 + /6-10
Seedlings & Saplings
Dacrycarpus dacrydioides
- /8-12
Trees
Dacrycarpus dacrydioides
- /4-12 + /1-10
Seedlings & Saplings
Podocarpus totara
Trees
Podocarpus totara
Seedlings & Saplings
Non-significant differences between canopy cover of quadrats with and without podocarp
seedlings and saplings suggests.that the clumped distributions apparent in the stem maps were
not due to a response to acanopy opening (Table 4.13). This supports the suggestion that these
tight clumps have established in piles of faeces under bird roost trees where the canopy is intact.
Table 4.13: Canopy cover estimates for quadrats with and without podocarps seedlings and/or saplings,
Prices Valley Covenant.
Total No. of quadrats (5m x 5m)
No. quadrats containing podocarp seedlings and/or saplings
Average canopy cover of quadrats with podocarp seedlings and/or saplings (%)
Average canopy cover of quadrats without podocarp seedlings and/or saplings (%)
Average canopy cover overall (%)
360
78
(21.7%)
75.0
71.9
72.6
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4.3.4 Stand Dynamics
The podocarps (Prumnopitys taxifolia, Dacrycarpus dacrydioides and Podocarpus totara)
dominate Prices Valley Covenant (in terms of basal area), although Melicytus ramiflorus occurs
at much higher densities than any of the podocarp species (Table 4.10). This mature podocarp
stand was more dense than those found in other reserves on Banks Peninsula, and the seedling
and sapling component was also dominated by the podocarps.
Relatively low numbers (cf. for example, Kaituna Valley Reserve) of seedlings and saplings of the
dominant hardwood species (Melicytus ramiflorus and Alectryon excelsus) (Table 4.11) may
reflect the late development stage of Prices Valley Covenant. The ages of the podocarps (Figure
4.15) suggest that this tract established over 400 years ago and shows old-growth characteristics
of a mature podocarp stand over a hardwood subcanopy. Heavy competition with very dense
stands of Macropiper excelsum which formed a low, dense canopy over large sections of the plot
may also be reducing effective regeneration of Melicytus ramiflorus and Alectryon excelsus.
Disjunct size structures for the podocarps indicate more than one disturbance event in the past,
which has resulted in two separate periods of recruitment particularly pronounced in the
Podocarpus totara size class distribution (Figure 4.14), although Prumnopitys taxifolia ages did
not suggest this. Size structures differed among species. All three podocarp species were
showing recent establishment of seedlings and some recruitment to sapling sizes, with
Podocarpus totara showing the most recruitment into sapling and small tree size classes. The
Prumnopitys taxifolia population consists of one even-sized and even-aged group ranging from
25 to 95 cm dbh, and a high number of seedlings (Table 4.11). At Hay Reserve Podocarpus
totara and Dacrycarpus dacrydioides showed consistently wider rings than Prumnopitys taxifolia,
and although trees of all three species had similar diameters, Prumnopitys taxifolia trees were
older than Dacrycarpus dacrydioides and Podocarpus totara trees, demonstrating a faster growth
rate for the latter species. Based on this it is possible that at Prices Valley Covenant
Dacrycarpus dacrydioides and Podocarpus totara are also of a similar age to Prumnopitys
taxifolia, despite their larger diameters.
('1.
Edge areas of the protected tract (outside the plots) also contained numerous seedlings and
saplings of Dacrycarpus dacrydioides, Prumnopitys taxifolia and Podocarpus totara coming up
through a low canopy of small-leaved shrubs such as Lophomyrtus obcordata, Melicope simp/ex
and Coprosma species. This may result in asection of the covenant containing a younger stand
alongside the currently established population.
4.4 Kaituna Valley Reserve
4.4.1 Forest Composition
Kaituna Valley Reserve is dominated by a canopy of A/ectryon exce/sus trees which were
relatively even-sized (Table 4.14). This species alone contributes over half the basal area (58%).
Melicytus ramiflorus occurs at similar densities in the sub-canopy, but is characterised by large
numbers of smaller stems. These patterns may be due to grazing in the reserve in the past, with
differences in basal area reflecting the different palatability of Melicytus ramiflorus and A/ectryon
exce/sus to grazing mammals such as cattle and sheep. Melicytus ramiflorus is a highly
palatable species (Wilson, 1992) and grazing would have inhibited its regeneration. Therefore,
the population present today may have established after grazing was excluded from the reserve.
In contrast, A/ectryon exce/sus is unpalatable and, while small seedlings and saplings may have
been trampled by grazing stock, established saplings and small trees were still able to grow to
canopy stature, resulting in the larger sizes apparent in the size class distribution (Figure 4.20).
Exclusion of grazing and the consequent increase in regeneration of palatable species such as
Melicytus ramiflorus may be inhibiting successful regeneration of A/ectryon exce/sus at present,
resulting in relatively low numbers of seedlings and saplings (Table 4.15). Pennantia corymbosa
and Pittosporum eugenioides are prominent in the understorey, and Streb/us heterophyllus and
Melicope simp/ex are important in the sparse shrub layer.
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Mature podocarps were few, with only two Dacrycarpus dacrydioides in the plot and four
Prumnopitys taxifolia. Some of these trees were affected by heart rot, with broken, deteriorating
canopies, suggesting senescence of the mature podocarp element. Prumnopitys taxifolia
seedlings were numerous but were all less than 1mtall.
Table 4.14: Density and basal area of
podoearps and hardwoods (;::: 5 em dbh),
Kaituna Valley Reserve, in a 0.6 ha plot.
Density Bas. Area
ha·1 m2 ha·1
Prumnopitys taxifolia 7 8.7
Dacrycarpus dacrydioides 3 2.4
Alectryon excelsus 468 26.5
Melicytus ramiflorus 482 6.9
Other 153 1.0
Totals 1113 45.5
4.4.2 Size and Age structures
Table 4.15: Seedling and sapling densities « 5
em dbh) for podoearps and hardwoods (ha-1),
Kaituna Valley Reserve.
Seedlings Saplings
ha·1 ha·1
Prumnopitys taxifolia 226 0
Dacrycarpus dacrydioides 0 0
Alectryon excelsus 333 67
Melicytus ramiflorus 1267 2578
Other 2043 733
Totals 3869 3378
The size class structure of Prumnopitys taxifolia shows large numbers of seedlings and a few
large trees with a period of no recruitment in between (Figure 4.19). Despite the large numbers
of Prumnopitys taxifolia seedlings it cannot be concluded that a new period of recruitment is
beginning, as many of these seedlings may be ephemeral and there was no evidence of
recruitment into sapling or small tree size classes. The lack of saplings may also be explained by
grazing in the past, with seedling populations repeatedly destroyed by cattle and sheep,
preventing establishment and growth up to sapling size. Two Prumnopitys taxifolia trees outside
the plot were aged at 450 (63.3 cm dbh) and 455 (66.8 cm dbh) years.
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Figure 4.19: Size class frequency distribution for Prumnopitys taxifolia in Kaituna Valley
Reserve. sd =seedlings; s =saplings.
The Melicytus ramiflorus size class frequency distribution showed the characteristic reverse-J
curve of a continuously regenerating population (Figure 4.20). High densities of seedlings and
saplings continue the trend. A predominance of small trees (5-15 cm dbh) may be due to the
removal of grazing, allowing rapid growth of small seedlings, while a few large trees may have
survived the period of grazing. Alectryon excelsus showed more of a bell-shaped curve with few
small trees (5-15 cm dbh), a peak at 20-30 cm dbh and declining numbers of larger stems. This
suggests a relatively even-aged population which was confirmed by ages derived from increment
cores. Most of the cored trees were between 60 and 120 years. Ages varied widely for similar
sized trees (Figure 4.21).
a) Alectryon excelsus
n = 281
70
60
~ 50
0:::
Q)
:::l 40
co
~
LL 30
20
10
5 15 25 35 45 55
b) Melicytus ram iflorus
n = 289
70
60
50
40
30
20
10
o
5 15 25 35 45 55
size class (cm dbh)
Figure 4.20: Size and age-class distributions, Melicytus ramiflorus and Alectryon excelsus, Kaituna
Valley Reserve.
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Figure 4.21: Age vs diameter for Alectryon excelsus (n =37), Kaituna Valley Reserve.
4.4.3 Spatial patterns of establishment
While some Prumnopitys taxifolia seedlings were found in most parts of the plot, the majority
occurred in the lower part of the reserve where only one mature Prumnopitys taxifolia was found
(Figure 4.22). Mature Dacrycarpus dacrydioides and Prumnopitys taxifolia were found growing
close together. In one instance, outside the plot, two Prumnopitys taxifolia and a Dacrycarpus
dacrydioides had merged at the base, suggesting little differentiation in establishment sites.
A lack of data points did not allow for detailed spatial analyses.
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Figure 4.22: Stem maps of Prumnopitys taxifolia in Kaituna Valley Reserve. • seedlings, _ saplings.
No significant differences in canopy cover were found between those quadrats containing
podocarp seedlings and saplings and those that did not (Table 4.16). The overall average for
canopy cover suggests that the canopy is mostly intact across the reserve, and there is no
suggestion of an association between podocarp seedlings and saplings and lower canopy cover
estimates.
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Table 4.16: Canopy cover estimates for quadrats with and without podocarps seedlings and/or saplings,
Kaituna Valley Reserve.
Total No. of quadrats (5m x 5m)
No. quadrats containing podocarp seedlings and/or saplings
Average canopy cover of quadrats with podocarp seedlings and/or saplings (%)
Average canopy cover of quadrats without podocarp seedlings and/or saplings (%)
Average canopy cover overall (%)
4.4.4 Stand Dynamics
240
68
(28%)
58.4
60.3
59.7
The podocarp component in Kaituna Valley Reserve is sparse, and despite large numbers of
Prumnopitys taxifolia seedlings, no recruitment of individuals into sapling and size classes has
occurred. Dacrycarpus dacrydioides has not produced seedlings and the decrepit appearance of
the few Dacrycarpus dacrydioides trees left in the reserve suggests its time there may be limited.
Two podocarp ages from the reserve suggest that the original forest tract established around 450
years ago, however, heavy grazing in the reserve for several decades has destroyed the old-
growth characteristics found in relatively undisturbed forest such as that found in the Prices
Valley Covenant.
Dense regeneration of Melicytus ramiflorus indicates its rapid recovery from the grazing regime
and, therefore, its increasing importance in the reserve in the future. Although the Alectryon
excelsus population was approximately even-aged, there was still a general trend for larger trees
to be older, suggesting that Alectryon excelsus was one of the only species capable of
successful recruitment under grazing. Lack of regeneration following the exclusion of stock from
the reserveed area may be due to heavy competition from other species such as Melicytus
ramiflorus and Melicope simplex which were abundant in the understorey, particularly in areas of
the plot where Alectryon excelsus was not very dense. Macropiper excelsum also appears to be
making a recovery in the understorey.
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4.5 Comparison of Reserves
Table 4.17: Summary table of reserve characteristics. Densities are given in stems ha-1, basal areas in
m2 ha-1, and ages in years. Percentage of total is given in brackets.
Okuti Valley Hay Reserve Prices Valley Kaituna Valley
Reserve Covenant Reserve
Total Density 1846 1408.0 1123.0 1113.0
Total Basal Area 43.0 77.0 61.1 45.5
Podocarp Density 129.0 (7.0) 68.0 (4.8) 126.0 (11.2) 10.0 (0.90)
Podocarp Basal Area 10.1 (23.5) 48.4 (62.9) 46.1 (75.5) 11.1 (24.4)
Hardwood Density 1717.0 (93.0) 1340.0 (95.2) 997.0 (88.8) 1103.0 (99.1 )
Hardwood Basal Area 32.9 (76.5) 28.6 (37.1) 15.0 (24.5) 34.4 (75.6)
Podocarp Ages
• Prumnopitys taxifolia 80-140 300-600 250-550 Approx. 450#
• Dacrycarpus dacrydioides 55-205 150-400
• Podocarpus totara 90-175 150-250
• Prumnopitys ferruginea 218
*Age range for Prumnopltys fax/folia only. # Two Prumnop/tys faxifolia outside the plot were aged.
Similar maximum ages were found for Prumnopitys taxifolia in Hay Reserve, Kaituna Valley
Reserve and Prices Valley Covenant, with most ages falling between 350 and 600 years (Table
4.17). This indicates that there has been no significant recruitment of Prumnopitys taxifolia for
about 350 years in these reserves, despite large numbers of seedlings and saplings. In Hay
Reserve Podocarpus totara and Dacrycarpus dacrydioides showed more recent recruitment.
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The podocarps in Okuti Valley Reserve were generally much younger than those found
elsewhere, reflecting the more recent disturbance event which initiated the stand. While the
podocarps in Hay Reserve, Kaituna Valley Reserve and Prices Valley Covenant were
established well before European arrival on the Peninsula, the bulk of Okuti Valley Reserve
appears to be the result of a human induced disturbance and dates back to the peak period of
forest clearance on Banks Peninsula in the mid 1800's. There is also evidence to suggest a
much more recent disturbance event on the hill section of Okuti Valley Reserve.
Prumnopitys taxifolia trees were consistently the most abundant podocarp species in all the
reserves. Only Hay Reserve contained similar numbers of seedlings and saplings for
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Dacrycarpus dacrydioides, Prumnopifys faxifolia and Podocarpus fofara. Prumnopifys faxifolia
dominated the podocarp seedling and sapling pools at the other reserves.
The presence of Kunzea ericoides in Okuti Valley Reserve and Hay Reserve suggests that these
two reserves have been affected to some degree by fire in the past. Only a small section of the
Hay Reserve contains Kunzefl ericoides, while the presence of this species throughout Okuti
Valley Reserve indicates that the disturbance affected the whole reserveed area. In contrast,
both Kaituna Valley Reserve and Prices Valley Covenant have been apparently unaffected by
fire in the recent past.
Melicytus ramiflorus was consistently the most dominant hardwood species in all the reserves,
although its size structure did vary. Kaituna Valley Reserve and Okuti Valley Reserve showed
periodic peaks in the size class distributions suggesting periods of increased recruitment. Hay
Reserve and Prices Valley Covenant showed much smoother reverse-J curves, indicating amore
steady rate of recruitment into small tree size classes, although there appears to be a higher
mortality rate of small trees at Prices Valley Covenant indicated, by the sharp decrease in
numbers from 5-10 cm dbh to 10-15 cm dbh. While most of the Melicytus ramiflorus trees in Hay
Reserve and Prices Valley Covenant were smaller than 20 cm dbh, Kaituna Valley Reserve and
Okuti Valley Reserve had more trees in the larger size classes. This may be a reflection of the
more recent disturbances which Melicytus ramiflorus has responded to at Kaituna Valley Reserve
and Okuti Valley Reserve.
Alecfryon excelsus populations also varied between reserves. This species barely featured at
Okuti Valley Reserve, despite being one of the most dominant species elsewhere. At both Prices
Valley Covenant and Kaituna Valley Reserve, Alecfryon excelsus size structures were
remarkably similar bell-shaped curves, suggesting relatively even-aged populations. This was
confirmed for both forest remnants by ages gained from increment cores (Figure 4.17; Figure
4.21). The population at Hay Reserve showed a size structure that suggested a more
continuous regeneration mode (Figure 4.11). This may be due to grazing which occurred in
Prices Valley Covenant and Kaituna Valley Reserve, but did not occur at Hay Reserve. Grazing
at Prices Valley Covenant and Kaituna Valley Reserve appears to have prevented the
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establishment of Alectryon excelsus in the past, resulting in generally lower numbers of seedlings
and saplings than at Hay Reserve.
Differences in composition and structure at each site are attributable to differences in both the
natural and human induced disturbance history, particularly grazing, logging and fire. Kaituna
Valley Reserve was grazed until 1957 (Glenn Stewart, pers. comm., 1998), and the composition
at this site largely reflects this history. Prices Valley Covenant shows evidence of grazing as
well, however, not to the same extent as at Kaituna Valley. Prices Valley shows a podocarp
population structure which was initiated well before human arrival on Banks Peninsula and
appears to have been largely excluded from the extensive logging that removed the rest of the
forest in the immediate area. Okuti Valley Reserve has been affected by fire in the more recent
past with most of the podocarps initiated around 150 years ago, while the podocarp population in
Hay Reserve has been affected by logging, even after it was reserved.
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Plate 5: Titoki (Alectryon excelsus) produce fruit from January to May on Banks Peninsula
(Burrows, 1994).
Chapter 5: Discussion
At the beginning of this study I predicted that:
1. Populations of podocarps are not regenerating and recruiting successfully, and may
currently be persisting primarily due to longevity.
2. Species composition is shifting towards dominance by hardwood species.
The current study is important in that it approaches the effects of fragmentation from a
regeneration dynamics point of view, as opposed to being a descriptive study of Banks Peninsula
remnantss, or investigating microclimate characteristics relating to edges. The following section
discusses the hypotheses with reference to the regeneration dynamics of both podocarps and
hardwoods in forest fragments on Banks Peninsula, and proposes possible future compositional
changes. Implications for future research and management are also discussed.
5.1 Podocarp Regeneration Dynamics in Forest Fragments
In three of the four forest fragments (Kaituna Valley Reserve, Hay Reserve and Prices Valley
Covenant - hereafter referred to as old-growth stands) size and age class structures indicate a
lack of recent regeneration and recruitment of podocarps. Populations at the above sites
showed characteristically even-sized and even-aged stands. Podocarp populations ranged from
400-600 years old, with rare or absent small trees and saplings, varying numbers of seedlings in
most cases (eg; 258 Prumnopitys taxifolia seedlings per hectare in Prices Valley Covenant; 13
Prumnopitys taxifolia seedlings per hectare in Hay Reserve), and an extensive period between
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mature trees and juveniles during which no regeneration and recruitment has occurred.
Podocarps in the old-growth stands all fall within the same age range suggesting that all three
stands were initiated around the same time.
Lack of recruitment into sapling and small tree size classes demonstrates that although seedlings
may be present under the forest canopy, mortality occurs before they attain a larger size.
Similarly ephemeral seedling and sapling populations have been noted for podocarps in forest
fragments (Dacrycarpus dacrydioides - Smale, 1984; Whaley et al., 1997), as well as in intact
forest (for eg: Prumnopitys taxifolia - Lusk and Ogden, 1992; Dacrycarpus dacrydioides -
Duncan, 1993).
The relatively even-aged nature of the old-growth stands suggests regeneration in response to
disturbance. It could not be distinguished whether regeneration occurred as a result of a single
event or several events occurring over an extended period of time. One type of disturbance
capable of affecting remnantss located on opposite sides of Banks Peninsula at around the same
time period is heavy rainfall causing flooding of river valleys as a result of tributary run-off into
rivers flowing through valley bottoms. The old-growth stands are all located on alluvial soils
(Kelly, 1972) on valley floors, and the presence of Dacrycarpus dacrydioides in the remnantss
provides some indication that stands colonised flood deposits (Wardle, 1974; Smale, 1984;
Duncan, 1993). Grant (1996) suggested periods of alluvial sedimentation resulting from
"increased rainstorminess and flood activity" which affected the whole of New Zealand. The
Waihirere Period is thought to have occurred between 680 and 600 years before present, while
the Matawhero period occurred between 450 and 330 years before present (ie; 1996). These
periods fit weakly with the ages of extant podocarps in the old-growth stands on Banks
Peninsula, and both Waihirere and Matawhero sediments have been found near Christchurch at
the Waimakiriri River (Banks Peninsula was not sampled) (Grant, 1996). Trees on Waihirere and
Matawhero alluvium aged in the North Island ranged from 500-750 and 290-400 years old
respectively, and trees on Matawhero alluvium in south Westland ranged from 300-440 years old
(Grant, 1996). These are similar to the age ranges of podocarps on Banks Peninsula.
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While mature podocarps were too sparse at Kaituna Valley Reserve and Hay Reserve to identify
patches of trees that may have established in canopy openings, at Prices Valley Covenant the
spatial clumping of trees suggests establishment after extensive but not complete canopy
removal. Clumps of trees, particularly where they are of a similar age, indicate establishment
into canopy gaps. Periods of stormy weather such as those suggested by Grant (1996) could
cause repeated flooding and siltation, and possibly blowdowns, that would result in patchy
canopy destruction. Repeated events causing partial destruction would also account for the
presence of a few older trees (> 500 years) in the stand, and in clumps where other trees are
mostly less than 450 years old. While this may be speculation, there do not appear to be any
other likely explanations for the spatial establishment patterns of podocarps in the old-growth
stands on Banks Peninsula.
At Hay Reserve, the natural patterns of recruitment of the various podocarp species have been
disrupted. Ogden and Stewart's (1995) generalised models of podocarp regeneration sequences
following progressive canopy collapse and catastrophic destruction suggest that Podocarpus
totara and Dacrycarpus dacrydioides are the first to establish, and will, therefore, be the oldest
trees in a stand, followed by Prumnopitys taxifolia. Some overlap is to be expected between
species age ranges (Ogden and Stewart, 1995). At Hay Reserve Prumnopitys taxifolia were
generally the oldest trees (400-600 years), with Dacrycarpus dacrydioides intermediate (mostly
300-400 years) and Podocarpus totara the youngest (200-250 years). While the oldest trees at
Hay Reserve indicate that the stand established during the same period as Kaituna Valley
Reserve and Prices Valley Covenant, selective logging by European settlers at the turn of the
century (Kelly, 1972) has resulted in species occurring in a different age sequence from that
which would be expected in such a stand. This is because differential growth rates mean that
trees of a harvestable size would have differed in age between species, so that rapid growing
Podocarpus totara trees would be younger than slow growing Prumnopitys taxifolia of the same
size. While growth rates were not specifically examined, and sample sizes were too small for
size-age regressions, rings in Podocarpus totara and Dacrycarpus dacrydioides cores were
noticeably and consistently wider than Prumnopitys taxifolia tree rings. It is likely that many
Prumnopitys taxifolia trees were too small for harvest at the turn of the century, as well as having
fewer uses.
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Podocarps at Okuti Valley Reserve were much younger than those in the old-growth stands.
Podocarpus totara, Prumnopitys taxifolia and Dacrycarpus dacrydioides were mostly between 80
and 160 years old, indicating a more recent disturbance event than the flooding which is thought
to have initiated regeneration in the old-growth stands. Size class structures are more
continuous for Prumnopitys taxifolia, Dacrycarpus dacrydioides and Podocarpus totara,
approaching a reverse-J shaped curve, and seedlings, saplings and small trees were common
suggesting that effective podocarp recruitment is still occurring within this stand. The presence
of Kunzea ericoides at Okuti Valley Reserve suggests that a human-induced fire was the
disturbance event that initiated the podocarp cohort. Podocarp and Kunzea ericoides ages
support this because they coincide with the early periods of forest clearance on Banks Peninsula
around the 1840's (Petrie, 1963). Extensive and localised fires are known to have occurred on
Banks Peninsula during forest clearance (Harris, 1967; Wilson, 1992), and Kunzea ericoides has
been observed as acoloniser of post-fire surfaces in anumber of instances (Wardle, 1991).
The contrast between the old-growth stands, and the young stand at Okuti Valley Reserve is
important for two reasons. The first is that Okuti Valley Reserve established while the forest on
Banks Peninsula was being cleared, i.e; in the fragmented landscape. This demonstrates the
ability of forest to recolonise a small area surrounded by open pasture land. The old-growth
stands represent pre-European disturbance and establishment patterns which probably occurred
within large tracts of intact forest. Secondly, Okuti Valley Reserve demonstrates the significance
of disturbance in the maintenance of podocarp populations. In stands where major disturbance
has not occurred for more than 400 years, no effective regeneration is occurring. However, the
more recent disturbance which occurred in Okuti Valley Reserve around the turn of the century
has resulted in prolific and continuing regeneration and recruitment of podocarps, therefore
maintaining the stand as a feature of the landscape.
The podocarp size and age class structures found on Banks Peninsula are not unusual. Banks
Peninsula stand structures are a result of a main pulse of regeneration following a disturbance,
and in the old-growth stands where seedling and sapling populations may be largely ephemeral,
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little or no recruitment beyond the seedling stage has occurred, indicating that effective
regeneration ceased when the canopy closed (Duncan, 1993; Wells et al., 1998). It is these kind
of population structures with a dearth of seedlings and saplings and small trees which sparked
early debates about the podocarp 'regeneration gap' in early New Zealand forest ecology (see
for eg; Cockayne, 1928; Wardle, 1974; Ogden, 1985). Early authors such as Holloway (1946),
Nicholls (1956), Robbins (1962), and others, noted stands that consisted of generally large
podocarps (often described as 'stag-headed' or 'over mature') and small seedlings and saplings,
but lacking the all-sized/aged structure of aself-replacing population.
In the more recent literature it has become widely accepted that podocarp regeneration is
generally localised in space and time, occurring largely in response to major disturbances
(Ogden, 1985; Ogden and Stewart, 1995). As a result of a catastrophic regeneration mode, and
of the shade-intolerant nature of these long-lived tree species, all-aged populations are no longer
expected and population dynamics are interpreted in the context of disturbances in the New
Zealand landscape (Ogden, 1985).
Subsequent studies in mixed podocarp hardwood forests continue to find similar patterns of
disturbance initiated regeneration. On a river floodplain in Ohinemaka Forest, south Westland,
stands dominated by Dacrycarpus dacrydioides and Dacrydium cupressinum consisted of
mature, even-aged trees and a lack of recent regeneration (Duncan, 1993). Evidence indicated
that the stands had been initiated by catastrophic floods, and recruitment had ceased following
canopy closure. Wells et al. (1998) review extensive data from all over Westland and interpret
pulses of cohort regeneration as a result of extensive catastrophic disturbance possibly as a
result of major Alpine Fault movements and/or increased storminess affecting New Zealand in
the past. They comment that in most of the stands saplings were rare, "were obviously separate
from the main pulse of tree regeneration" and had established following the closure of the main
cohort canopy (Wells et al., 1998). In Tongariro National Park, Lusk and Ogden (1992) found
that Dacrydium cupressinum and Prumnopitys taxifolia had both ceased to regenerate effectively
following the main pulse in response to adisturbance event.
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While many studies have found even-aged stands of podocarps, others suggest all-aged
structures. In contrast to the common disturbance initiated regeneration patterns, an all-aged
stand ranging from seedlings up to 300 year old Dacrycarpus dacrydioides trees was identified in
Westland, as a result of intermittent regeneration (Wells, 1999). In another stand at Mt Harata,
Westland, Prumnopitys ferruginea occurred in small even-aged groups indicating gap-phase
regeneration (Urlich, pers.comm., 1999), similar to the patterns described for Prumnopitys
taxifolia at Prices Valley Covenant on Banks Peninsula. This indicates a potential for podocarps
to regenerate into smaller canopy gaps than those created by catastrophic disturbances and may
have major implications for the future of podocarps in forest fragments on Banks Peninsula.
The more recent regeneration due to human-induced disturbance at Okuti Valley Reserve is
consistent with the general consensus that podocarps regenerate prolifically following canopy
removal. It was not determined whether the seedling and sapling populations at Okuti Valley
Reserve were becoming suppressed as the canopy closed.
Disturbance initiated regeneration patterns have been found in other fragment studies. Smale's
(1984) examination of White Pine Bush, eastern Bay of Plenty, indicated the establishment of
Dacrycarpus dacrydioides on alluvial soils following a disturbance 300 or more years ago.
Regeneration since has been largely ineffective with seedlings and saplings dying under aclosed
canopy (Smale, 1984). At Claudelands Bush, Hamilton, recent regeneration of Dacrycarpus
dacrydioides had occurred following logging in the decades before the turn of the century,
however, seedling populations appeared to be entirely ephemeral, with no seedlings present
above 30 cm in tall « 2 cm dbh) (Whaley et al., 1997). In Rotoma Recreation Reserve, near
Rotorua, recent regeneration of Dacrycarpus dacrydioides, presumably as a result of logging,
had resulted in an all-sized population structure with effective recruitment into sapling and small-
tree size classes (Clarkson and Clarkson, 1991). The population structure of Dacrycarpus
dacrydioides at Rotoma is similar to that found at Okuti Valley Reserve, and also demonstrates
similarly prolific regeneration in response to adisturbance.
The common factor among all of these studies is that they demonstrate the regeneration of
podocarps in response to infrequent but large disturbances that cause extensive canopy
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removal. Population structures consisting of cohorts of old trees indicate that, where more recent
regeneration is lacking, podocarps are indeed persisting in such stands largely due to their
protracted longevity. On Banks Peninsula where some individual podocarps are up to an
estimated 600 years old (and possibly more as ages were not corrected for time to reach coring
height), longevity is the only factor maintaining them in old-growth stands. Lack of regeneration
in these three stands indicates that podocarps in forest fragments on Banks Peninsula are
persisting due to longevity, i.e; Hypothesis I is almost certainly true. At Okuti Valley Reserve,
where the maximum age was estimated at 205 years, the longevity of the species involved
means that podocarps will continue to occupy this site in the absence of major disturbance for
several centuries to come.
Long-lived individuals and, therefore, the ability to retain possession of a site is a regeneration
strategy that has maintained podocarps on some regional sites for up to 10,000 years (Ogden
and Stewart, 1995). The prevalence of major disturbances in New Zealand's natural history
suggests that it is likely a stochastic disturbance will occur within the reproductive lifetime of
stands on Banks Peninsula, encouraging localised regeneration.
5.2 Hardwood Regeneration Dynamics in Forest Fragments
Hardwood species in forest fragments on Banks Peninsula such as Melicytus ramiflorus,
Pseudopanax arboreus, Myrsine australis, and Macropiper excelsum, showed size class
structures approaching the reverse-J curve of a shade-tolerant species regenerating
continuously under aclosed forest canopy. In contrast to the podocarps, this type of population
structure indicates a relatively steady recruitment rate from seedlings to saplings to trees. Small
peaks were evident at some sites for Melicytus ramiflorus (eg; Okuti Valley Reserve and Hay
Reserve), however in general size class structures for the prominent hardwoods (except
Alectryon excelsus) were consistently all-sized across all sites. Relative composition showed
some differences. This was particularly evident for Okuti Valley Reserve where more light
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demanding pioneers such as Aristotelia serrata, Carpodetus serratus and Fuchsia excorticata
(Wardle, 1991) were found, and is probably a reflection of more recent disturbance.
Alectryon excelsus size class structures varied between the old-growth stands. At Hay Reserve
this species showed a reverse-J curve with a few residual large trees in one plot, suggesting that
regeneration has been relatively continuous and uninterrupted in recent times. At Prices Valley
Covenant and Kaituna Valley Reserve, where size class distributions were more bell-shaped and
ages confirmed relatively even-aged populations, Alectryon excelsus appears to be regenerating
more intermittently. High seedling and sapling numbers suggest the resumption of regeneration
and recruitment. Both Prices Valley Covenant and Kaituna Valley Reserve were grazed prior to
official protection, and the past upsurge in establishment shown by Alectryon excelsus
(unpalatable to stock) at these two sites may be due to the removal of other more palatable
species. The contrasting factor between these reserves is that Hay Reserve was never grazed.
Prominent in Okuti Valley Reserve was Kunzea ericoides. Size class structures were bell-shaped
with virtually no seedlings and saplings, reflecting the seral nature of this species (Wardle, 1991),
and indicating that the current generation will not be replaced unless the patch is disturbed again.
The uni-modal size class structure indicates that no disturbance has occurred since the initial
establishment of this Kunzea ericoides cohort.
The findings of this study regarding hardwood dynamics are consistent with a general consensus
in the literature that hardwood species regenerate primarily in gap-phase/intermittent or
continuous modes. Studies specifically addressing the dominant hardwood species found in the
Banks Peninsula fragments examined in this study are virtually non-existent for intact forest
anywhere in New Zealand, however some fragment studies indicate that processes of hardwood
regeneration are similar in different parts of the country.
At Claudelands Bush near Hamilton (Whaley et al., 1997), and at White Pine Bush in the eastern
Bay of Plenty (Smale, 1984) Melicytus ramiflorus showed very similar continuous regeneration
patterns as those found on Banks Peninsula. Alectryon excelsus at Claudelands Bush showed
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peaks of recruitment in the past and asimilar recent upsurge in seedling and sapling numbers as
that found in Banks Peninsula fragments (Whaley et al., 1997).
However, Banks Peninsula hardwoods do not appear to be replacing themselves to the same
degree, and regeneration was less prolific than that found elsewhere. At Claudelands Bush in
Hamilton, hardwood species such as Alectryon excelsus, Melicytus ramiflorus, Beilschmiedia
tawa and Laurelia novae-zelandiae are both more numerous and show more prolific
regeneration, despite a similarly extensive period of grazing and drainage of surrounding land
and similar time since isolation (Whaley et al., 1997), common factors also affecting Banks
Peninsula fragments. In particular, Melicytus ramiflorus at Claudelands Bush had almost twice
the seedling and sapling populations as those found on Banks Peninsula, and seedling numbers
at Claudelands Bush do not show the same decrease in sapling numbers as was found in this
study. I was not able to determine the reasons for these differences as Claudelands Bush and
the Banks Peninsula forest fragments seemed to be very similar in history and general condition.
Possible influencing factors such as soils and microclimate changes were outside the scope of
both the Claudelands Bush study and the current study.
5.3 Possible future compositions
Predictions of future compositions are fraught with the uncertainties associated with dynamic
systems. Interspecific differences in growth rates and recruitment from juvenile stage into the
canopy confound predictions of future abundances of canopy trees based on relative
abundances of seedlings and saplings (Veblen, 1992). However, current knowledge of
podocarp-hardwood forest dynamics make it possible to predict general trends under different
scenarios.
\:11
In the absence ofamajor disturbance
Populations of podocarps where saplings and small trees are rare or absent indicate that
podocarps are not regenerating via seedling establishment and subsequent development and
recruitment into sapling and small tree size classes (Veblen and Stewart, 1980). In contrast,
hardwood populations include abundant seedlings, saplings and small trees, and in the case of
the dominant hardwood species regeneration was at worst intermittent, but mostly continuous.
This alone would eventually lead to the increasing dominance of hardwoods as podocarps fail to
regenerate effectively and decline.
Life history differences, particularly the more rapid growth rates of hardwoods, their ability to
regenerate beneath aclosed forest canopy and their ability to respond quickly and capture small
canopy openings at the expense of slow growing podocarps, suggest that hardwoods hold a
competitive advantage in small forest fragments on Banks Peninsula. Melicytus ramiflorus was
the dominant hardwood in all the fragments studied on Banks Peninsula and has been noted as
the species most successful in colonising canopy gaps in Claudelands Bush, Hamilton (Whaley
et al., 1997). Although the dominant podocarp at Claudelands Bush, Dacrycarpus dacrydioides,
was noted as having moderate numbers of seedlings and saplings < 2 m in height, very few
attained more than 2min height (Whaley et al., 1997). The inability of Dacrycarpus dacrydioides
to recruit successfully under a closed canopy (Whaley et al., 1997) suggests that the few that
attained heights of more than 2 min Claudelands Bush will be out-competed by dense and rapid
height growth of Melicytus ramiflorus in small canopy openings. Small forest fragments are
dominated by small disturbances, and canopy openings created as a result of these may not be
adequate to stimulate podocarp regeneration. As composition shifts towards species of smaller
stature, theoretically the potential size of gaps would be reduced, further excluding the possibility
of podocarp regeneration.
The replacement of podocarps by hardwoods has also been indicated by others. For example, in
Tongariro National Park Elaeocarpus dentatus showed a multi-aged population structure
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indicating its ability to respond rapidly and take advantage of frequent small-scale disturbances,
while Nestegis cunninghamii and Weinmannia racemosa showed inverse-J size- and age class
structures with seedlings and saplings at much higher densities than those of the associate
podocarps (Lusk and Ogden, 1992). In south Westland Duncan (1993) found that Weinmannia
racemosa occurred mostly in open overhead cover, indicating regeneration in small canopy gaps.
It was also noted by Duncan (1993) that Dacrycarpus dacrydioides regeneration had ceased
following canopy closure, so that in the absence of major disturbance Weinmannia racemosa
would replace the former species, by virtue of being able to regenerate in small gaps in an
otherwise intact canopy (Duncan, 1993). Rogers (1995) found patterns in the spatial distribution
of Weinmannia racemosa in Saltwater Forest which may also reflect its establishment in small to
intermediate sized canopy openings.
Compelling evidence for ashift to hardwood dominance in the absence of major disturbance can
be found on the Volcanic Plateau in the central North Island. McKelvey's (1953) examination of
podocarp hardwood forest on the Volcanic Plateau found that stands that had escaped
devastation as a result of the Taupo eruption, and consequently had no occurrences of major
disturbance since before the eruption, contained much higher proportions of hardwoods
compared with podocarps, while the younger stands on the devastated area were dominated by
podocarps. This suggests a progressive decline of podocarps over several generations with a
concomitant increase in hardwoods.
Long-lived, old-growth tree species were also found to be declining as fragments aged in the
Amazon (Laurance et al., 1998b), and in southern Ontario shade intolerant species were similarly
found to be declining in forest fragments while shade tolerant species dominated the woodlots
studied (Weaver and Kellman, 1981).
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Progressive canopy collapse
The potential for gap-phase regeneration of podocarps is the crucial factor under this scenario.
The presence of a relatively even-aged Alectryon excelsus canopy and/or podocarp stand
suggests that synchronous senescence is likely in the future of the forest fragments on Banks
Peninsula. As trees age they become more susceptible to windthrow (Lusk and Ogden, 1992),
and are likely to drag down other trees as they fall, creating significant gaps in the forest canopy.
Ogden and Stewart (1995) suggest a sequence of events where accelerating canopy collapse
favours the regeneration and recruitment of more light-demanding podocarps (Dacrydium
cupressinum, Prumnopitys taxifolia) into canopy gaps, with the process of collapse occurring
over several centuries. Spatial clumping of Prumnopitys taxifolia at Prices Valley Covenant
indicates that these trees have probably recruited into large canopy gaps in the past, and such
patterns in Prumnopitys ferruginea were also noted by Urlich (pers. comm., 1999) in mixed
podocarp/beech stands at Mt Harata, Westland. Stewart et al. (1998) found that mixed stands of
Dacrydium cupressinum and Prumnopitys ferruginea in south Westland showed patterns of
establishment in small patches and as a result of partial canopy breakdown, occurring within an
older cohort of trees. This indicates a definite potential for progressive canopy collapse in even-
aged stands to stimulate recruitment of podocarps.
Evidence for progressive canopy collapse and subsequent recruitment was found in the central
North Island where Herbert (1986) noted podocarp regeneration under deteriorating hardwood
trees, and elsewhere Beveridge (1983) identified gradual thinning and disintegration of
overtopping trees allowing podocarp seedling and sapling growth. In Tongariro National Park
where both mature and young podocarps were significantly clumped, periods of podocarp
establishment did not indicate a single disturbance event (Lusk and Ogden, 1992). Rather an
extended period of releases and scars were found in tree ring sequences, and Lusk and Ogden
(1992) interpreted these patterns as being the response to progressive canopy mortality. AII-
sized and all-aged population structures of hardwoods at Tongariro also indicate that no major
disturbance had occurred there during the period of concern (Lusk and Ogden, 1992).
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The main shift in composition under a progressive canopy collapse scenario is likely to be
towards Prumnopitys taxifolia as the dominant podocarp. Podocarpus totara and Dacrycarpus
dacrydioides are uncommon within each of the old-growth fragments, and progressive canopy
collapse may not provide canopy opening sufficient for the regeneration of these more light
demanding species (Ogden and Stewart, 1995). Also there is likely to be a diminished podocarp
population in the subsequent generation (Ogden and Stewart, 1995). Gaps will also be filled by
hardwood species, so that any podocarp seedlings and saplings will need to be able to respond
and grow quickly enough to gain canopy stature before hardwoods close the gap. Therefore, it is
possible that even in the case of canopy collapse podocarps will be out competed by hardwoods
and in some gaps will become suppressed under a hardwood canopy until another suitable
opening is created.
Both in the absence of disturbance and in the event of progressive canopy collapse, there is still
likely to be some decline in the podocarp population and increasing hardwood dominance, so
that in the absence of major disturbance podocarp replacement by hardwoods as predicted by
Hypothesis II will hold. The current data and the centuries long time scale does not allow for
conclusive acceptance or rejection of the hypothesis, and it is unlikely that any study could be
conducted over time spans sufficient to follow the theoretical cycle through in its entirety.
In the event that podocarps died out completely, and no regeneration occurred within the
fragments studied, it would be expected that the hardwoods would continue to occupy the site
and cycle through varying compositions through time. Overseas studies indicate that fragment
conditions favour successional species over old-growth species (eg; Laurance et al., 1998b)
because edge effects penetrate through large portions of the fragments, and small fragments
may consist entirely of edge habitat (Kapos, 1989; Young and Mitchell, 1994; Matlack, 1994)
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/n the event of a major disturbance
There is potential for volcanic and/or tectonic events affecting Banks Peninsula, as well as
extreme weather events. A study of earthquake events along the Alpine Fault of New Zealand's
South Island indicates that a major event is imminent (Wells, 1999), and extremes of weather
occur globally with devastating effect. Such events would create large canopy openings and
provide new substrates such as alluvial silt, and in any intact tract of forest would certainly result
in renewed podocarp regeneration.
However, the creation of gaps large enough to stimulate podocarp regeneration is problematic in
a fragmented landscape. A disturbance of catastrophic proportion is likely to destroy entire
stands, and would effectively remove locally available propagules such as seed-bearing trees
and/or established seedlings and saplings. This would result in the localised extinction of
podocarps in the patch and recolonisation would then rely on the arrival of seed from other
patches. If podocarps became extinct on Banks Peninsula the likelihood of recolonisation from
other areas is minimal.
5.4 Implications for Future Research and Management
The body of literature regarding fragmentation and its effects is enormous internationally.
However many of these studies look at effects from the point of view of animal species, with
regard to microclimate and environmental alterations, or vegetation as afunction of distance from
edges. The Biological Dynamics of Forest Fragments Project (BDFFP) located near Manaus in
the Brazilian Amazon is probably the most comprehensive combination of studies (Lovejoy et a/.,
1983), but also highlights the lack of research which approaches the question of fragmentation
effects from a regeneration dynamics point of view. The current study highlights the need for
such an approach. Descriptive studies provide little information which is of practical use in
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managing fragments, and there is a need to examine fragmentation of various forest types in
New Zealand landscapes in a more quantitative fashion.
An increase in the body of research information would allow managers to make more informed
and robust decisions for the conservation of forest fragments. Previous conservation strategies
focussed mostly on retaining examples of representative vegetation in each region, however the
purpose was to retain species assemblages while processes were largely disregarded and
expected to take care of themselves. Retaining representative examples of regional biota offers
'breathing space' for the maintenance of biodiversity (Turner ef al., 1996), but it is only a
temporary solution. There is an urgent need for emphasis on forest processes within such
fragments, and particularly on landscape processes in fragmented landscapes.
Although the time scales involved are extremely large, the potential for gap-phase regeneration
of podocarps on Banks Peninsula requires monitoring and more investigation. There may be a
need for interventionist management, possibly involving the manipulation of canopy cover above
well-established seedlings and/or saplings, or manipulating gap processes to favour podocarps,
if there is a goal for the persistence of podocarps in forest fragments indefinitely. There is also a
need to monitor regeneration processes outside protected areas. This would be a useful area of
research in terms of determining how much interaction is occurring between patches of scrub
and forest, as well as monitoring the progress of regeneration and recruitment at a landscape
scale.
Options for landscape scale management strategies do exist in New Zealand, and Banks
Peninsula is an excellent example of such potential. The existence of numerous pockets of
scrub and successional forest provides an opportunity for setting aside vegetation at varying
stages of gap, building and mature phases (sensu Whitmore, 1989), and perhaps re-establishing
some of the functional aspects of an intact vegetation mosaic. In terms of the maintenance of
podocarps in the Banks Peninsula landscape, regeneration of these trees has been found
outside protected areas under Kunzea ericoides and successional scrub. This indicates not just
a theoretical potential for such processes to successfully maintain podocarps indefinitely, but that
it is actually happening and podocarps are establishing themselves outside fragments. This
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increases the urgency for a more landscape scale approach (Saunders et al., 1991), and a more
active role for management in protecting regenerating native forest rather than just mature
examples of what once was.
The social environment on Banks Peninsula is conducive to establishing a network of fragments
to maintain mosaic processes. Farmers are interested in the native heritage on Banks Peninsula
and some would like to set areas of native scrub and forest aside, however there is a lack of
leadership and guidance to direct such actions and a lack of funding for materials and labour to
fence forest patches and exclude stock (Richardson, pers. comm., 1999).
5.5 Conclusions
Demographic change in forest fragments as a result of fragmentation is something that has often
been suggested or indicated by studies from many parts of the world, however few studies
investigate regeneration dynamics of forest trees. A notable exception in New Zealand is
Whaley et a/.'s (1997) study of Claudelands Bush, where they gathered demographic data and
attempted to interpret it in the context of fragmentation and compositional change. My study
builds on this approach and in a more quantitative way extends knowledge of the effects of
fragmentation on the regeneration of some of New Zealand's major canopy tree species.
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Appendix 1
Density and basal area of podoearps and hardwoods > 5 em dbh
Okuti Valley Reserve
Plot 1 Plot 2 Plot 3
Density Basal Area Density Basal Area Density Basal Area
ha-1 m2 hao1 hao1 m2 ha-1 ha-1 m2 hao1
Alectryon excelsus . 4 0.03--- --- --- ---
Aristotelia serrata 52 0.68 --- --- 40 0.26
Carpodetus serratus --- --- 16 0.21 8 0.12
Coprosma areolata 26 0.10 72 0.23 48 0.14
Coprosma lucida 88 0.35 12 0.04 --- ---
Coprosma propinqua 5 0.02 12 0.07 12 0.03
Coprosma rotundifolia 5 0.01 36 0.16 16 0.07
Coriaria arborea 109 2.93 --- --- 4 0.02
Cyathea dealbata 145 6.29 56 2.23 80 2.92
Cyathea smithii 5 0.20 12 0.38 8 0.22
Dacrycarpus dacrydioides --- --- 68 7.78 28 1.56
Dead 317 4.00 108 1.97 76 1.28
Dicksonia squarrosa 78 2.08 24 1.49 28 1.17
Elaeocarpus hookerianus --- --- 12 0.05 12 0.04
Fuchsia excorticata 42 0.47 8 0.05 8 0.02
Griselinia littoralis --- --- 4 0.83 12 1.49
Hedycarya arborea --- --- 132 1.71 36 0.44
Hoheria angustifolia 21 0.18 4 0.01 --- ---
Kunzea ericoides 197 5.28 68 5.29 156 10.18
Lophomyrtus obcordata 5. 0.01 48 0.48 44 0.19
Macropiper exce/sum 42 0.11 84 0.2 72 0.19
Melicope simplex --- --- 8 0.02 4 0.01
Melicytus ramiflorus 597 10.75 260 9.55 304 7.23
Myoporum laetum 5 0.03 --- --- --- ---
Myrsine australis 379 2.70 140 0.90 188 1.00
Pennantia corymbosa 10. 0.11 36 0.37 40 0.29
Pittosporum eugenioides 145 0.97 24 0.27 28 1.27
Plagianthus regius --- --- 4 0.03 --- ---
Podocarpus totara 5 1.91 36 4.99 112 10.21
Prumnopitys taxifolia --- --- 52 0.57 56 1.42
Pseudopanax arboreus 270 2.29 176 1.57 88 0.70
Pseudopanax crassifolius --- --- 16 0.23 48 1.03
Pseudopanax ferox --- --- --- --- 20 0.08
Pseudowintera colorata --- --- 4 0.01 4 0.01
Sophora microphylla 5 0.78 --- --- 16 1.47
Streblus heterophyllus --- --- 4 0.09 4 0.02
Totals 2554 42.27 1540 41.81 1600 45.06
•--- indicates this species was not found;;:: 5 cm dbh in this plot
Hay Reserve
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Density Basal Area Density Basal Area Density Basal Area
hao1 m2 hao1 hao1 m2 ha-1 ha-1 m2 ha-1
Alectryon excelsus 272 2.90 240 1.40 140 1.19
Aristotelia serrata 40 1.03 --- --- 20 0.67
Carpodetus serratus --- --- --- --- 7 0.33
Coprosma lucida 4 0.01 --- --- 7 0.03
Coprosma robusta 20 0.08 --- --- --- ---
Coprosma rotundifolia 16 0.06 80 0.52 --- ---
Cyathea dealbata --- --- --- --- 20 0.70
Dacrycarpus dacrydioides 12 15.54 27 24.00 20 14.79
Dead 76 0.67 53 1.02 120 1.02
Dicksonia squarrosa 48 0.63 27 0.49 --- ---
Fuchsia excorticata 36 1.19 --- --- 7 0.05
Hedycarya arborea 20 0.14 40 0.22 7 0.02
Hoheria angustifolia 4 0.02 --- --- 7 0.52
Kunzea ericoides --- --- --- --- 167 7.09
Macropiper excelsum 112 0.41 160 0.53 7 0.02
Melicytus ramiflorus 496 15.32 413 10.23 620 20.27
Melicope simplex 4 0.01 --- --- 7 0.03
Myrsine australis 40 0.51 27 0.12 60 1.36
Pennantiacorymbosa 52 0.84 80 1.33 33 3.55
Pittosporum eugenioides 28 0.67 133 1.68 20 1.14
Plagianthus regius 4 0.03 --- --- --- ---
Podocaipus totara 4 4.99 13 47.51 20 5.59
Prumnopitys taxifolia 48 27.64 67 25.04 7 3.25
Pseudopanax arboreus 12 0.39 27 0.10 7 0.02
Pseudopanax colorata --- --- 13 0.04 --- ---
Pseudopanax crassifolius --- --- --- --- 7 0.04
Scheff/era digitata 44 0.62 93 0.55 47 0.66
Sophora microphylla --- --- --- --- 7 0.31
Streblus heterophyllus 8 0.03 13 0.08 7 0.04
Totals 1416 74.40 1507 114.87 1367 62.69
Prices Valley Covenant
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Density Basal Area
ha·1 m2 ha·1
A/ectryon exce/sus 96 3.57
Coprosma areo/ata 6 0.02
Coprosma rotundifolia 20 0.10
Dacrycarpusdacryd~mes 17 14.12
Dead 68 1.03
Fuchsia excorticata 10 0.10
Hedycarya arborea 1 0.04
Hoheria angustifolia 17 0.42
Lophomyrtus obcordata 2 0.01
Macropiper exce/sum 7 0.01
Melicope simp/ex 34 0.10
Melicytus micranthus 7 6.74
Melicytus ramiflorus 496 0.11
Myrsine australis 33 0.40
Pennantia corymbosa 99 1.35
Pittosporum eugenioides 36 0.26
P/agianthus regius 16 0.50
Podocarpus totara 8 2.32
Prumnopitys taxifolia 102 29.72
Pseudopanax ferox 7 0.06
Sophora microphylla 2 0.03
Streb/us heterophyllus 34 0.17
Totals 1123 61.18
Kaituna Valley Reserve
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Density Basal Area
ha·1 m2 ha·1
A/ectryon exce/sus 468 26.52
Coprosma rotundifolia 4 0.01
Dacrycarpus dacrydioides 3 2.38
Hedycarya arborea 2 0.01
Hoheria angustifolia 2 0.01
Melicope simp/ex 33 0.12
Melicytus ramiflorus 482 6.87
Myrsine australis 7 0.11
Pennanuacorymbosa 24 0.21
Pittosporum eugenioides 20 0.30
Prumnopitys taxifolia 9. 8.70
Streb/us heterophyllus 59 0.26
Totals 1113 45.50
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Appendix 2
Seedling and sapling densities « 5 em dbh) of podoearps and
hardwoods
Okuti Valley Reserve
Species Plot 1 Plot 2 Plot 3
Seedlings Saplings Seedlings Saplings Seedlings Saplings
hao1 hao1 hao1 ha-1 hao1 hao1
Coprosma areo/ata 1000 100 2667 2333 1067 1733
Coprosma /ucida 0 200 0 133 --- ---
Coprosma propinqua * 0 133--- --- --- ---
Coprosma rhamnoides 600 0 67 0 --- ---
Coprosma rotundifolia 100 200 67 133 0 133
Cyathea dea/bata --- --- --- --- 133 0
Cyathea smithii 0 300 --- --- --- ---
Dacrycarpus dacrydioides 57 0 140 40 228 100
Dead --- --- --- 467 --- ---
Dicksonia squarrosa --- --- --- --- --- ---
Fuchsia excorticata --- --- 67 0 0 133
Hedycarya arborea --- --- 1733 600 1333 400
Helichrysum /anceo/atum 300 0 --- --- --- ---
Kunzea ericoides 100 0 --- --- --- ---
Lophomyrtus obcordata --- --- 267 200 133 267
Macropiper exce/sum 3900 3500 2333 3467 933 1867
Melicytus ramiflorus 200 500 933 933 2400 2267
Melicope simp/ex --- --- 67 133 0 133
Myrsine australis 200 400 467 467 133 800
Pennannacorymbosa 0 100 0 67 267 133
Pittosporum eugenioides 200 10 600 1000 267 133
P/agianthus regius --- --- 600 67 --- ---
Podocarpus totara 306 16 164 44 64 68
Prumnopitys taxifolia 78 0 156 240 208 368
Pseudopanax arboreus 2100 1400 67 267 0 1067
Pseudowintera c%rata --- --- --- --- 133 0
Pseudopanax crassifolius --- --- 67 0 --- ---
Streb/us heterophyllus --- --- 0 67 267 133
* --- indicates this species was not found as seedlings or saplings in this plot
Hay Reserve
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Plot 1 Plot 2 Plot 3
Species Seedlings Saplings Seedlings Saplings Seedlings Saplings
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
A/ectryon exce/sus 1667 533 400 200 --- ---
Coprosma rhamnoides 67 0 200 0 --- ---
Coprosma rotundifolia 0 67 200 400 100 0
Dacrycarpus dacrydioides --- --- --- --- 53 0
Hedycarya arborea 333 67 --- --- 200 100
Macropiper exce/sum 3933 2933 3200 2600 3000 1800
Melicytus ramiflorus 267 867 400 0 400 200
Myrsine australis 67 67 --- --- 100 300
Pennanilacorymbosa 67 0 --- --- --- ---
P/agianthus regius --- --- 200 0 --- ---
Podocarpus totara --- --- --- --- 33 0
Prumnopitys ferruginea 4 0 --- --- 40 0
Pseudowintera c%rata --- --- --- --- 0 100
Scheff/era digitata 533 200 200 200 400 200
Sophora microphylla 67 0 --- --- --- ---
Streb/us heterophyllus 200 200 200 0 0 100
Urlica ferox --- --- 200 0 --- ---
Prices Valley Covenant
Seedlings Saplings
ha-1 ha-1
A/ectryon exce/sus 171 38
Coprosma areo/ata 38 629
Coprosma rotundifolia 38 400
Dacrycarpus dacrydioides 11 1
Dead 0 57
E/aeocarpus hookerianus 0 19
Lophomyrlus obcordata 38 57
Macropiper exce/sum 4571 3105
Melicytus micranthus 343 286
Melicytus ramiflorus 819 1543
Melicope simp/ex 95 629
Myrsine australis 514 495
Pennanilacorymbosa 95 267
Podocarpus totara 32 14
Prumnopitys taxifolia 258 6
Pseudopanax anoma/us 0 38
Pseudopanax ferox 19 19
Streb/us heterophyllus 305 476
Urlica ferox 133 0
Kaituna Valley Reserve
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Species Seedlings Saplings
ha-1 ha-1
A/ectryon exce/sus 333 67
Coprosma areo/ata 622 89
Coprosma rotundifolia 22 89
Macropiper exce/sum 22 44
Melicytus ramif/orus 311 0
Melicope simp/ex 1267 2578
Myrsine australis 711 289
Pennanilacorymbosa 22 22
Pittosporum eugenioides 133 67
Prumnopitys taxifolia 226 0
Streb/us heterophyllus 67 200
Urfica ferox 111 0
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Appendix 3
Spatial Analysis Correlograms . Okuti Valley Reserve
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Spatial Analysis Correlograms . Prices Valley Covenant
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